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LEAD. 

In  treating  of  the  article  lead,  the  following  notices  re¬ 
specting  the  manufacture  of  shot  escaped  me. 

Granulation  of  Shot. 

The  manufacture  of  common  fowling  shot  consists 
merely  in  causing  the  fused  metal  to  fall  in  equal  spheri¬ 
cal  drops  into  water.  The  lead  is  melted  with  the  ad¬ 
dition  of  a  small  proportion  of  arsenic,  which,  being  re¬ 
duced  to  a  metallic  state,  by  means  of  grease  stirred  in 
during  the  fusion,  renders  it  less  fluid.  An  oblong  shal¬ 
low  vessel  of  iron,  j)erhaps  10  inches  wide,  14  long,  and 
21-2  deep,  called  a  cardy  whose  bottom  is  pierced  with 
holes  proportionate  to  the  intended  size  of  the  shot,  is 
placed  at  the  height  of  from  oik‘  to  three  inches,  over  the 
surface  of  a  tub  of  water,  covered  .with  a  thin  film  of  oiL 
The  card  is  previously  heated  to  the  temperature  of  the 
metal  by  immerging  it  in  the  cauldron ;  and  a  stratum  of 
soft  dross  or  scorise,  which  are  found  on  the. surface  of 
the  fused  alloy,  is  then  placed  on  its  perforated  bottom, 
and,  being  slightly  pressed  down  with  tlic  ladle,  forms  a 
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kind  of  filter,  which  partly  chokes  up  the  ajierturcs,  and 
prevents  the  metal  from  flo\\’ing  through  them  in  conti¬ 
nuous  streams.  The  fused  metal  is  then  poured  by  la- 
dlefulls  into  this  vessel,  and  apjx^ars  notwithstanding  to 
run  through  it  with  considerable  velocity;  so  that  it 
seems  difficult  to  believe  that  it  falls  in  separate  drops,  till 
convinced  by  taking  up  a  quantity  of  shot,'  from  tlic  bot¬ 
tom  of  the  water. 

The  shot  thus  made  is  not  without  considerable  im- 
jx;rfections.  The  exterior  coat  of  the  lower  part  of  tlie 
drop  becoming  suddenly  fixed  by  the  contact  of  the  wa¬ 
ter,  its  superior  portion,  which  is  still  liquid,  as  it  also 
cools  and  contracts,  necessarily  pits,  like  the  surface  of 
metal  in  the  channel  of  a  mould,  so  that  the  greater  part 
of  the  shot  are  somewhat  hollo\v  and  of  an  irregular  form  ; 
consequently  too  light  for  the  purpose  to  \\  hich  they  arc 
destined,  and  liable  to  unequal  resistance  in  their  passage 
through  the  air.  These  defects  are  remedied  in  the  pa¬ 
tent  shot,  the  manufacture  of  which  differs  only  from  that 
of  the  preceding  kind  in  the  addition  of  a  larger  portion  of 
ai  senic,  which  viiries  according  to  the  cjuality  of  the  lead  ; 
in  dropping  it  from  such  a  height  that  it  becomes  solid  be¬ 
fore  it  enters  the  watery  which  is  from  40  to  100  feet ; 
and  in  some  subsequent  ojx:rations,  which  arc  as  follows : 
It  is  first  dried  and  sifted.  It  is  then  boardedy  which  con¬ 
sists  in  scattering  it  on  several  polished  slabs  or  trays  of 
hard  wood,  with  rims,  in  the  form  of  an,  except  that  the 
sides  converge  towards  the  lower  part,  to  which  a  slight 
inclination  and  alternate  motion  in  their  own  planes  arc 
given  by  boys  employed  in  the  manufacture.  The  shot 
whose  form  is  imperfect  are  detected  by  the- sluggishness 
of  their  motion,  and  remain  behind,  whilst  the  others  roll 
off  from  tlie  board.  The  last  operation  is  the  polishing ; 
which  is  performed  by  agitating  it,  with  the  addition  of  a 
very  small  quantity  of  black  lead,  not  exceeding  two 
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spoonfuls  to  a  ton,  in  an  iron  vessel,  turning  on  an  horl- 
zontal  axis,  like  a  barrel-chum.  It  does  not  appear  that 
any  higher  degree  of  perfection  than  that  which  is  thus 
attained  remains  to  be  desired.  The  argentine  brilliancy 
of  the  shot  when  newly  made,  the  beautiful  accuracy  of 
its  form,  and  the  curious  instance  of  inanimate  tactics 
which  it  presents  when  scattered  on  a  plate,  render  it  evai 
an  agreeable  object  of  contemplation. 

Rifled  Shot. 

In  the  latter  end  of  the  year  1789,  I  tvas,  by  various 
considerations,  induced  to  think,  tlut  the  eifect  which  is 
produced  by  rifling  musquetry  might  be  produced  in  ar¬ 
tillery  by  giving  a  suitable  figure  to  the  shot.  It  is  almost 
needless  to  explain  this  effect.  When  a  bullet  is  driven 
along  the  bore  of  a  piece,  it  must  be  acted  ujx)n  by  the 
internal  surface  so  as  to  cause  a  rotation,  the  axis  of  which 
motion  will  lie  across  the  line  of  direction.  In  conse¬ 
quence  of  this,  the  rc-action  of  the  air  will  bt  stronger  on 
one  side  of  the  bullet  than  on  the  other,  and  it  will  devi¬ 
ate  from  the  intended  course  according  to  no  certain  rule. 
The  method  of  rifling  consists  in  cutting  one  or  more  spi¬ 
ral  grooves  in  the  hollow  surface  of  the  musquet,  iata 
w  hich  the  ball  is  either  forcibly  rammed  down,  or  else 
conveyed  to  its  place  by  an  aperture  at  tlie  breach,  or 
near  the  chamber.  The  lead  is  thus  made  to  fit  the  in¬ 
ternal  screws,  and  usually  takes  about  half  a  turn  during  its 
course  dirough  the  barrel.  The  axis  of  this  rotation  be¬ 
ing  parallel  to  the  line  of  direction,  it  must  follow  that  the 
resistance  of  the  air  w  ill  be  equal  on  all  sides  of  the  bul¬ 
let,  and  it  w  ill  fly  with  more  certainty  to  the  object  of 
aim.  It  seemed  to  me,  that  if  a  cylindrical  shot,  with 
liemisplKTical  ends,  were  thrown  out  of  a  common  bar¬ 
rel,  it  might  be  possilde,  by  means  of  certain  spirals  cut 
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on  the  end  surface,  to  cause  the  blast  of  the  powder  and 
the  resistance  of  the  air  to  concur  in  producing  the  same 
rotation. 

For  this  purpose  I  took  a  wT>oden  pattern,  and  cut  the 
spherical  surface  into  twelve  spiral  planes,  by  dividing 
the  equator  into  the  like  number  of  equal  parts,  and  draw¬ 
ing  spirals  from  the  points  of  division  obliqudy  towards 
the  poles.  Tlie  wood  between  every  pair  of  contiguous 
spirals  was  then  taken  away,  by  cutting  from  the  one  line 
parallel  to  the  axis,  and  from  the  other  perpendicular  to  a 
plane  passing  through  it.  By  this  process,  when  the  axis 
was  set  upright,  there  appeared,  as  it  were,  twelve  roads 
sloping  upwards  from  the  equator  towards  the  pole, 
bounded  on  the  side  next  the  wood  by  upright  walls ;  and 
the  shot,  when  suspended  on  an  axis  or  centre  point, 
could  be  blown  round  very  swiftly  by  the  brcatli  direct¬ 
ed  towards  the  pole. 

Shot  of  this  kind  w  ere  made  and  tried  at  a  foundery  in 
.North  Wales.  By  an  experiment  w  ith  a  brass  gun  new¬ 
ly  bored,  it  w*as  ascertained  that  the  shot  did  really  revolve 
in  its  course  along  the  bore ;  but  the  trials  with  shot  of 
different  weight  and  dimensions  dkl  not  promise  more  ac¬ 
curacy  of  effect  than  w  as  obtained  by  common  spherical 
shot  used  at  the  same  time.  Particular  notice  w'as  taken 
of  the  manner  in  which  the  shot  struck  the  butt :  the 
greate^it  number  of  times,  it  struck  with  tlie  anterior  end ; 
sometimes  the  stroke  w^as  made  w^ith  the  broad  side,  and, 
in  a  few  instances,  the  end  w'hich  came  last  out  of  the  gun 
Arrived  first  at  the  mark.  Hence  it  appears,  that  the  very 
slight  angular  deviation  at  the  mouth  of  tlie  piece  is  more 
than  sufllcient  to  counteract  any  cftect  w  hich  might  else 
have  been  d'  rived  from  the  suliscqiient  action  of  the  air 
upon  a  projectile  duly  figured. 

Itswins,  ne\  ertheless,  that  lliis  principle  might  be  aji- 
pliul  to  advantage  in  bar  shot.  If  the  ends  of  this  pro-' 
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jectiie  were  chamfered  or  sloped  with  respect  to  the  axis, 
it  would  pass  through  the  air  with  a  revolution  of  its  ex¬ 
tremities,  instead  of  one  end  following  the  path  of  the 
otlier,  as  may  sometimes  be  supposed  to  happen. 

Witli  regard  to  the  execrable  practice  of  war,  I  think  it 
a  decided  question,  that  increase  of  power  is,  on  the  whole, 
in  fiwour  of  rectitude  and  virtue ;  and  that  wars  are  likely 
to  be  fewer,  less  durable,  and  less  pernicious,  the  more 
scientifically  they  are  conducted. 

[lA/rA.  2u7 — 383.  quto. 

Sugar  of  Lead. 

The  following  process  for  making  this  article,  I  trans¬ 
late  from  the  account  given  by  M.  de  Machy  in  the  se¬ 
cond  part  of  the  6th  vol.  of  the  Encyclopedic,  Arts  et 
Metiers  p.  758. 

Into  a  stoneware  jar  of  sufficient  capacity  put  251b.  of 
white  lead,  or  of  litharge;  (tlie  common  white  lead 
adulterated  with  whiting  will  not  well  answer  the  pur¬ 
pose.  T.C.)  and  about  15  gallons  of  distilled  vinegar. 
Place  it  in  a  W'arm  situation  which  may  be  near  to  the 
furnace  wherein  the  vinegar  is  distilled.  Let  it  remain 
in  this  situation,  till  the  vinegar  is  saturated,  and  has  ac¬ 
quired  a  full  sweet  taste  :  it  must  be  stinted  every  now 
and  then  w'ith  a  long  stick.  When  it  has  stood  a  suffi¬ 
cient  time  to  be  quite  clear,  lade  off  the  clear  liquor  by 
means  of  leaden  or  wooden  vessels,  into  a  leaden  boiler, 
fixed  in  a  frame  of  brickwork.  Light  under  it  a  mode¬ 
rate  fire,  and  evaporate  the  liquor  gently,  till  a  drop  when 
cold  becomes  solid. 

Then  transfer  it  into  small  glazed  earthen  pots  of  a 
square  shape,  about  the  size  of  a  half  hundred  w  eight, 
having  a  hole  near  the  bottom  stopped  with  a  w^ooden 
stopper.  On  the  top  of  the  pots  pour  about  four  ounces 
of  spirit  of  w  iiie,  which  forms  a  kind  of  border  or  cover- 
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ing  that  prevents  the  evaporation  of  die  moisture.  Keep 
these  pots  in  a  warm  place  till  they  arc  full  of  crystals. 
Then  draw  the  stopper,  let  the  liquid  part  run  out,  and 
collect  tlie  crystals.  The  liquor  that  is  drawn  off  will  be 
thick,  and  too  much  loaded  with  lead.  It  must  be  di¬ 
luted  with  distilled  vinegar,  filtered,  and  again  set  iq  a 
warm  place  to  evaporate,  and  crystallize. 

I  believe  the  preceding  process  would  be  improved,  by 
adding  one  sixdi  part  oi'good  distilled  vinegar  to  the  first 
clear  liquor.  T.  C. 

The  method  of  making  sugar  of  lead  as  detailed  by 
M.  Ponticr  in  the  37th  vol.  of  the  Annales  de  Chimic, 
p.  272,  is  in  substance  as  follows.  The  vessels  are  casks, 
iron- hooped,  with  wooden  cocks ;  a  copper  still  with  a 
tin  alonge  (long  tulie  adapted)  or  worm,  and  with  a  cock 
to  let  out  the  sediment ;  stoneware  jars  to  hold  the  vine- 
gar  ;  a  cast-iron  pot  to  melt  the  lead  in ;  stoneware  jars 
also,  to  hold  the  vinegar  and  lead ;  copper  boilers  tinned 
the  same  size  of  the  still ;  half  a  dozen  or  more  wooden 
filters. 

Cast  the  lead  in  very  thin  sheets,  as  the  plumijcrs  do ; 
milled  lead  will  not  answer  so  well ;  cut  it  in  pieces  in¬ 
discriminately  ;  put  them  in  the  vinegar  distilled  in  your 
still,  in  the  stoneware  jars  ;  the  vinegar  should  be  strong  ; 
do  not  close  the  jars,  it  is  sufficient  to  cover  them  from' 
dust ;  .change  the  oxyded  lead  two  or  three  times  a  day, 
putting  it  in  the  place  of  the  lead  submerged  ;  boil  the  vi¬ 
negar  vt  ith  the  white  lead  in  it,  in  the  tinned  copjjcr  boil¬ 
ers,  to  finish  the  saturation  ;  (I  think  this  can  be  done  by 
putting  the  jai*s  themselves  with  their  contents  in  a  bath 
of  boiling  w  ater,  T.  C.)  Filter  the  liquor  ;  evaporate  to 
a  pellicle  ;  (I  think  a  sixth  of  distilled  vinegar  should  be 
added,  previous  to  evaporation,  T.  C.)  dry  the  crj'stals 
in  die  shade.  The  residuum  may  be  treated  in  die  same 
way,  but  it  docs  not  give  so  clear  crystals  as  at  the  first  ^ 
solution. 
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1  do  not  know  that  any  specimen  of  this  very  useful 
metal,  has  yet  been  found  in  the  United  States.  To  fa¬ 
cilitate  the  search  after  it,  I  shall  state  its  geological,  as 
well  as  mineralogical  characters.  This  metal  and  antimo¬ 
ny,  being  the  only  two  metals  of  which  we  stand  in  need, 
that  are  furnished  principally  by  Groat  Britain,  I  shall  be 
excused,  I  hope,  for  dwelling  upon  it  more  than  other¬ 
wise  would  be  necessary. 

Tin  is  found,  1st.  native ;  a  scarce  form  of  appear¬ 
ance.  2ly,  Sulphuretted ;  tin  pyrites.  31y,  As  an  oxyd, 
the  common  Cornish  ore.  Tin  Stone. 

Werner’s  account  of  the  age  of  metals,  I  slxall  insert  at 
the  end  of  this  article. 

The  first  part  of  tliis  article,  relating  to  the  ores  of  Tin, 
I  take  from  Jamieson  ;  the  next  from  iVikin  ;  the  chici’ 
part  of  the  remainder  from  Watson,  Bisliop  of  Landaff. 

TIN  Gt:NUS. 

PIRST  SPECIES. 

Tin-Pyrites.  Sulphuret  of  Tin. 

Zinnkies. — Werner. 

Icl,  Wid.  s.  875. — Tin  Pyrites,  vol.  ii.  p.  200. — Zinnkies, 

Emm.  2.  b.  s.  418. — Elaine  sulphure,  Lam.  t.  1.  p.  279. ^Id. 

Hauy,  t.  4.  p.  1 54. — I^a  Pyrite  d*£tain,  ou  TEtain  pyriteux. 

Broc/i.  t.  2.  p.  332. — Zinnkies,  Reuss^  4.  b.  s.  286. 

External  Characters. 

♦ 

Colour  intermediate  between  steel-grey  and  brass-yel¬ 
low,  but  usually  more  inclined  to  the  first. 

Occurs  massive  and  disscminatgd% 
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Internally  it  is  glistening,  sometimes  shining,  and  seh 
dom  passes  into  splendent,  and  its  lustre  is  metallic. 

Fracture  sometimes  small  and  coarse  grained  uneven ; 
sometimes,  but  rarely,  inclining  to  small  and  imperfect 
conchoidal,  and  imperfect  foliated. 

Fragments  indeterminately  angular,  blunt-edged. 

Is  semihard,  passing  into  soft. 

.  Brittle. 

Easily  frangible. 

Heavy. 

“Specific gravity,  4.350,  Klaproth;  4.785,  La Mctherie. 

,  > 

Chemical  Characters* 

Before  the  blow-pipe  it  gives  a  sulphureous  odour,  and 
melts  easily,  widioiit  being  reduced,  into  a  black  scoria. 

It  communicates  a  yellow  or  green  colour  to  borax. 

Constituent  Parts. 

Tin  34 

Copper,  36 

Iron,  3 

Sulphur,  35 

Earthy  matter,  2 

Klaproth.  100 

Geognostic  and  Geographic  situations. 

It  has  been  hitherto  found  only  at  Wheal-rock  and  St. 
Agnes  in  Cornwall,  where  it  occurs  in  a  vein  about  nine 
feet  wide,  accompanied  with  copper-pyrites  and  brown- 
blende,  or  sulphuret  of  zinc. 

Observation. 

It  was  formerly  confounded  with  Magnetic  Pyrites. 
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Tin- Stone. 

Zinnstein. — JFerner. 

Stannum  Arsenico  ct  Ferro  mineralisatum,  Wall,  t.  2.  p.  319.  et 
seq. — Zinnstein,  Werner ^  Pabst.  1.  b.  171. — Td,  Wid,  s.  880.-— 
Common  Tin-stone,  Kirw,  vol.  ii.  p.  197.— Etain  vitreux,  De 
Born.  t.  2.  p.  238. — Zinnkeis,  Emm,  b.  2.  s.  420.  Oxide  d’Etain, 
Lam,  t.  1.  p.  274. — Etain  oxide,  Hauy^t.  4.  p.  137. — La  Pierre 
d’Etain,  ou  la  Mine  d’Etain  commune,  Broch,  t.  2..p.  334.— 
Zinnstein,  Reussy  4.  b  s.  288. 

External  Characters*^ 

Its  most  common  colour  is  blackish-brown;  from 
which  it  passes,  on'the  one  side,  into  brownish- black  and 
velvet- black  ;  olfThe  other  side,  into  hair-brown  and  red¬ 
dish-brown,  from  which  it  passes  further  into  yellowish- 
green,  yellowish-white,  and  greenish- white. 

Occurs  massive,  disseminated,  in  rolled  pieces,  in  grains 
as  sand ;  but  most  frequently  crystallized,  and  the  crys¬ 
tals,  which  are  four  sided  prisms,  are  in  general  very  in¬ 
distinct. 

The  surface  of  the  crystals  is  usually  smooth,  seldom 
more  or  less  strongly  streaked,  and  it  is  commonly  splen¬ 
dent. 

Internally  it  is  only  shining  and  glistening,  and  its  lus¬ 
tre  is  intermediate  between  resinous  and  adamantine,  but 
more  inclining  to  the  latter. 

Fracture  coarse  and  small-grained  uneven,  inclining  to 
imperfect  conchoidal ;  seldom  imperfect  foliated,  and  ex¬ 
tremely  seldom  perfect  foliated,  and  then  it  is  highly 
splendent. 

Fragments  indeterminately  angular,  pretty  blunt-edg- 

ed. 


The  massive  varieties  occur  commonly  in  coarse,  small 
and  fine  granular  distinct  concretions. 

It  altematesTrom  semitransparent  to  opaque  ;  the  dark¬ 
er  coloured  varieties  are  opaque,  the  lighter  translucent 
and  semitransparent,  often  even  inclining  to  transparent ; 
the  intermediate  varieties  are  only  translucent  and  trans¬ 
lucent  on  the  edges. 

Yields  a  greyish- white  streak. 

Is  hard,  but  does  not  give  fire  with  steel. 

E^asily  frangible. 

Specific  gravity,  6  to  7. 

Chemical  Characters. 

Before  the  blow-pipe,  it  decrepitates,  becomes  paler, 
and  where  it  rests  on  the  charcoal  is  reduced.  When 
roasted,  it  is  converted  into  a  grey  oxyde.  Acids  dissolve 
the  iron  it  contains,  but  only  a  very  minute  portion  of  the 
tin. 

Constituent  Parts. 

From  Altemon.  Sclilakenwald.  Ehrenfriedersdorf. 


Geognostic  Situation. 

In  occurs  only  in  primitive  rocksj  as  granite,  gneiss, 
mica-slate  and  clay^  slate,  and  is  the  oldest  of  all  the  me¬ 
tals.  It  occurs  citlaer  disseminated  in  the  rock,  or  in 
stockivorksy  beds,  or  veins.  It  is  usually  accompanied 
with  quartz,  mica,  lithomarge,  steatite,  wolfram,  tungsten, 
arsenic-pyrites,  copper-pyrites,  iron-pyrites,  molybdena, 


Tin.  349 

black  and  brown  blende ;  less  frequently  with  fluor-spar, 
topaz,  appatite,  felspar,  schorl,  magnetic  ironstone,  cop¬ 
per-glance,  lead-glance,  and  white  lead  ore.  It  is  found 
also  in  great  quantity  in  alluvial  land.  The  greater  part 
of  the  English,  much  of  the  Spanish,  and  the  great¬ 
er  proportion  of  tliat  in  India,  occurs  in  that  situation. 

Geographic  Situation. 

Tin  is  not  found  in  many  countries,  but  where  it  does 
occur,  it  is  in  very  considerable  quantity.  In  the  most 
northern  countries  it  is  entirely  wanting.  In  Europe 
there  is  only  tliree  tin  districts.  The  first  is  in  the  Erzge- 
birge,  on  the  Saxon  and  Bohemia  sides,  and  extends  as 
far  as  the  Riesengebirge  and  Fichtclgebirge.  The  second 
district  is  in  Cornwall.  The  third  is  that  of  Galicia  on 
the  borders  of  Portugal. 

In  Jlsia  it  is  found,  in  vast  quantity,  in  the  peninsula 
of  Malacca,  Siam,  and  in  the  island  of  Banka. 

In  America  it  is  said  to  occur  near  Cochimbo,  and  in 
Chili. 

Use. 

It  is  worked  as  an  ore  of  tin,  and  from  it  all  the  tin  of 
commerce  is  obtained. 

Observations. 

1.  Its  name  is  derived  from  tlic  great  quantity  of  tin 
which  it  affords,  and  its  unmetallic-like  aspect. 

2.  It  is  distinguished  from  Wolfram  by  its  inferior 

hardness,  as  it  does  not  give  fire  with  steel ;  and  by  the 

streak,  which  in  tinstone  is  greyish- white,  but  in  wolfram 

reddish-brown :  from  Blende  bv  its  inferior  hardness  and 
♦  • 

uneven  fracture. 
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THIRD  SPECIES. 


Cornish  Tin-Ore,  or  Wood-Tin. 

Komisch  Zinnerz. — Wemer. 

Mine  d’Etain  mamelonnee,  ou  en  Stalactites,  Rom,  dc  L,  t.  3.  p. 

428.— Kornisch  Zinnerz,  WVrnrr,  Pabst.  1.  b.  s.  183 _ Id, 

IVid,  s.  877.— Wood  Tin-Oore,  Kirvf,  vol.  ii.  p.  198.— Etain 
limoneux,  De  Bom,  t.  2.  p.  248.— Komisch  Zinnerz,  Emm,  2. 
b.  5.  427.— Mine  d*Etain  ferrugineusc,  Lam,  t.  1.  p.  281.— 
Etain  oxide  concretionnc,  ^at<y,t.4.p.  147.— La  Mine  d’Etain 
grenue,  ou  TEtain  grenu,  Broch,  t.  2.  p.  340.— HoUzinnerz, 
Reu98y  p.  4.  8.  300. 

External  Characters* 

Its  most  common  colour  is  hair-brown,  of  different  de* 
grees  of  intensity,  which  passes  into  wood-brown,  and 
nearly  into  yellowish-grey,  sometimes  into  reddish-brown. 
In  single  pieces  it  is  sometimes  striped. 

Occurs  usually  in  rolled  pieces ;  sometimes  we  can  ob¬ 
serve  its  original  shape,  which  appears  to  be  small  reni- 
form  ;  and  with  impressions. 

The  kidney-shaped  or  reniform  is  black  on  the  surface, 
and  bears  a  considerable  resemblance  to  hematite. 
Externally  glistening. 

Internally  it  is  glistening  and  glimmering,  and  its  lustre 
is  resinous,  inclining  to  adamantine. 

Its  fracture  is  delicate,  straight,  scopiform  and  stellular 
diverging  fibrous. 

Fragments  wedge-shaped  and  splintery. 

It  occurs  usually  in  large  and  coarse  granular  distinct 
concretions,  which  are  intersected  by  curved  and  thin 
lamellar  concretions,  and  the  colour  delineation  is  in  the 
direction  of  the  latter. 

The  streak  is  shining  and  yellowish-brown. 

Is  opaque. 
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Hard. 

Brittle. 

Easily  frangible. 

Uncommonly  heavy. 

Specific  gravity,  5.800  Brmmich;  6.450  Klaproth. 

Chemical  Characters. 

Before  the  blow-pipe,  it  beeomes  brownish- black,  but 
is  infusible  or  irreducible,  either  alone  or  with  borax.  In 
a  charcoal  crucible,  Klaproth  obtained  0.6333  of  tin.  It 
b  little  affected  by  acids. 

Constituent  Parts. 

Klaproth  found  it  to  contain  in  the  hundred  parts,  63 
parts  of  tin,  with  iron  and  arsenic. 

Geognostic  and  Geographic  Situations. 

Has  been  hitherto  found  only  in  Cornwall,  and  there  in 
alluvial  land,  accompanied  with  tinstone. 

Observations. 

It  bears  a  strong  resemblance  to  Brown  Hematite ; 
from  which,  however,  it  is  distinguished  by  its  hair- 
brown  colour,  its  rolled  pieces,  greater  hardness,  and  high¬ 
er  sjxicific  gravity.  \Jameson^s  Mineralogy. 

Ores  of  Tin. - Aikin. 

Tlie  existence  of  native  tin  was  long  a  matter  of  doubt 
among  mineralogists.  It  has,  nevertheless,  been  undoubt¬ 
edly  found  in  vtirious  places.  Magellan,  among  other 
specimens,  mentions,  1.  Malleable  tin  in  a  granular  form, 
and  also  foliaceous,  bedded  in  a  white  hard  matter,  re¬ 
sembling  quartz,  but  which,  on  proper  examination, 
proved  to  be  arsenic ;  a  circumstance  that  evinces  its  be¬ 
ing  native  tin,  because  the  arsenic  could  not  have  retain, 
ed  this  form,  if  the  tin  had  undergone -the  fusing  heat. 
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It  appeared  like  a  thick  jagged  or  scolloped  lace  or  edg¬ 
ing,  and  was  found  at  St.  Austel  in  Cornwall,  England. 
2.  In  tlie  form  of  crystalline  metallic  laminae,  or  flat  crys¬ 
tals,  rising  side  by  side  out  of  an  edging,  which  shone 
like  melted  tin.  They  were  nearly  as  thin  as  the  leaves 
of  talc,  intersecting  each  other  in  various  directions,  with 
some  cavities  between  them,  within  which  appeared  many 
specks  and  granules  of  tin  that  could  easily  be  cut  with 
a  knife ;  this  also  came  from  Cornwall.  3.  In  a  massy 
form,  more  than  an  inch  thick  in  some  places,  and  enclos¬ 
ed  in  a  stone  resembling  quartz,  which  was  taken  to  be  a 
hard  crust  of  crystallized  arsenic. 

All  the  ores  of  tin  hitherto  found,  except  the  sulpliuret 
from  Huel  or  Wheal  Rock,  St.  Agnes,  Cornwall,  are  in 
the  oxided  state.  They  arc  remarkable  for  their  great 
weight,  which  is  between  5.8  and  6.97,  according  to 
Klaproth. 

The  common  ore,  called  tin- stone,  has  a  vitrified  ap¬ 
pearance,  resembling  a  garnet  of  a  blackish-brown  colour, 
but  much  heavier.  Its  surface  is  shining,  sometimes 
striated,  and  its  fracture  lamellar ;  soft  enough  to  be  cut 
or  scraped  with  a  knife,  and  afibrding  a  pale  red  pow  der. 
Some  authors  assert,  that  it  contains  arsenic,  but  Kirwan 
])OsitivcIy  denies  the  existence  of  arsenic  as  a  mineralizer 
of  tin.  The  Germans  call  the  irregular  compact  tin  ore 
by  the  name  of  zinnstein ;  but  the  crystallized  tin-stoncs 
are  called  zinngraupen,  if  the  crystals  be  distinct  and 
somewhat  large.  The  zinnzwitter  ores,  in  which  the 
crystals  arc  small,  and  not  so  distinct,  resemble  small 
I  grains,  scattered  through  a  compact  raw  tin-stone,  or  a 

stone  of  any  other  kind. 

.  The  common  matrix  of  tin  in  the  Cornish  mines  is  the 
I  killas,  and  the  growan.  This  consists  of  white  clay,  mix¬ 

ed  with  mica  and  quartz,  w  ithout  any  particular  texture ; 
i  which,  when  lamellar  and  hard,  is  called  gneiss  by  the 

! 
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Germans,  and  is  nothing  else  but  decayed  granite,  in 
which  the  feltspar  has  been  broken  down  to  clay. 

The  zinngraupen,  or  brown  crystallized  tin-stone,  from 
Cornwall,  consdsts  of  quadrangular  prisms,  or  double 
quadrangular  p)  ramids,  joined  by  their  bases,  so  tliat 
these  crystals  are  octoedral ;  these  are  found  at  Trwaun- 
ance  and  Soil-hole,  in  the  piurish  of  St.  Agnes.  Similar 
prismatic  crystals,  but  of  as  small  a  size  as  a  hair,  are 
found  in  tin-stone  uix)n  killas,  at  Polgooth,  one  of  the 
richest  tin  mines,  which  produces  sometimes  a  clear  pro- 
fit  from  100  to  1200/.  sterling  per  month. 

The  stream-tin  is  collected  in  the  vallies  of  the  tin 
mountains  in  Cornwall,  and  yields  a  considerable  quan¬ 
tity  of  this  metal.  The  soil  is  dug  several  feet  deep,  and 
washed  by  water  going  over  it,  till  the  heavier  particles  of 
the  ore  remain  at  the  bottom.  These  arc  nothing  else 
but  the  abrasions  of  the  tin  ores  over  the  mountains, 
which  arc  rolled  down  the  declivities  of  the  hills  to  lower 
grounds. 

The  stream-tin  from  Pensagillis  is  remarkable  on  ac¬ 
count  of  tlic  native  gold  now  and  then  met  with  in  it ; 
and  found,  tliough  ver}^  rarely,  in  pieces  of  the  value  of 
two  or  three  pounds  sterling.  It  principally  consists  of 
round,  oval,  and  somewhat  smooth  pieces,  from  the  size 
of  a  bean  to  that  of  a  jK‘a,  and  less,  the  polished  surfaces 
of  which  show  a  variety  of  reddish,  gray,  light-brown,  and 
dark  yellow  colours. 

The  wood-tin  ore  looks  like  hematites,  and  is  found  in 
tlic  parishes  of  St.  Columb,  Roach,  and  St.  Denis.  This 
is  without  any  crystallized  form,  and  has  a  very  inconsi¬ 
derable  quantity  of  iron  with  it. 

Another  wood- like  tin  ore,  described  by  professor 
Briinnich,  shows  ^  arious  fine  fibres  converging  to  difi’er- 
ent  centres,  like  a  radiated  zeolyte ;  but  is  so  compact 
and  hard,  as  to  strike  fire  witli  steel.  Its  specific  gravity, 


at  45^  of  Falirenhcit,  is  5.80,  and  even  6.45.  It  contains 
some  arsenic  and  a  considerable  portion  of  iron ;  and 
gives  sometimes  6J.5  per  cent,  of  tin.  It  is  very  scarce, 
and  found  only  in  small  pieces. 

I'he  tin  spar,  or  white  tin  ore,  is  generally  of  a  whitish 
or  gray  colour ;  sometimes  it  is  yellowish,  semitranspa¬ 
rent,  and  crj^stallized,  either  of  a  pyramidal  form,  or  irre¬ 
gular.  It  resembles  a  calcareous,  or  rather  ponderous 
spar,  but  is  easily  known  by  its  great  weight,  and  shining 
graisy  appearance.  Its  fracture  also  is  vitreous.  It  was 
formerly  tliought  to  contain  arsenic,  but  Margraaf  found 
it  to  be  the  purest  of  tin  ores ;  though  it  is  said  to  contain 
sometimes  a  mixture  of  calcareous  earth.  Its  specific 
gravity  is=G.C07. 

The  grains  lire  of  a  spherical  polygonal  figure,  like  the 
garnets ;  but  seem  more  unctuous  on  their  surface.  It  is  - 
found  either  in  large  or  small  grains. 

Bergman  received  a  specimen  of  native  aurum  musivum 
from  Nerschinskoi  in  Siberia.  It  resembled  the  artificial 
aurum  musivum  externally,  or  rather  the  aurum  musivum 
formed  a  crust  environing  a  nucleus  radiated  in  its  frac¬ 
ture,  and  resembling  a  white  metal.  It  yielded  to  the 
knife,  and  the  place  of  section  exhibited  a  variable  colour. 
Its  powder  was  black.  By  the  analysis,  it  proved  to  con¬ 
sist  of  tin  mineralized  by  sulphur,  with  a  very  small  por¬ 
tion  of  copper.  In  the  Journal  dc  Physique  for  1  f83,  it 
is  said,  that  the  specimen  was  too  small  to  admit  of  a  de- 
termination  of  the  quantities  in  the  large  way  :  but  in  the 
preface  to  the  Sciagraphia  it  is  said,  that  the  native  aurum 
musivum  contained  forty  parts  of  sulphur  to  one  of  tin  : 
and  the  other  mineral,  which  resembled  antimony,  contain¬ 
ed  one  fiftli  part  of  sulphur  only. 

At  Huel  Rock,  in  St.  Agnes,  in  Cornwall,  there  has 
been  found  a  metallic  vein  nine  feet  w  ide,  at  twenty  yards 
beneath  tlie  surface.  Rasj^  was  the  first  who  discover- 


cd  tills  to  be  a  siilphuret  of  tin  :  it  is  very  compact,  of  a 
blueish  white  colour,  approaching  to  gray  steel,  and  simi- 
lar  to  the  colour  of  gray  copper  ore  :  it  is  lamellar  in  its 
texture,  and  very  brittle.  It  consists  of  sulphur,  tin,  cop- 
per  and  some  iron.  Raspe  proposes  to  call  it  bell- metal 
ore* 

According  to  Klaproth^s  analysis  of  this  ore,  100  parts 
contain  25  of  pure  sulphur,  34  of  tin,  36  of  copper,  2  of 
iron,  and  three  grains  of  the  stony  matrix.  A  faint  smell 
of  arsenic  was  perceptible  in  roasting  it.  The  darker  va¬ 
rieties,  however,  arc  much  poorer  in  tin,  and  contain  more 
iron. 

Bergman’s  method  of  assaying  tin  ores  in  the  humid 
way  is  too  commonly  Ineffectual.  Klaproth  gives  the 
following  mode.  Mix  the  ore,  in  fine  powder,  .wdth  a 
lixivium  containing  six  times  its  w^eight  of  caustic  pot¬ 
ash  ;  evaporate  to  dryness,  in  a  silver  vessel,  on  a  sand 
heat ;  and  then  keep  in  a  state  of  moderate  ignition  for 
half  an  hour.  Dilute  the  mass,  while  yet  warm,  wdth 
boiling  water,  and  filter.  Let  the  residuum  be  again  ig- 
iwtcd  w  ith  six  times  its  w-cight  of  potash,  and  dissolve  in 
boiling  w'ater,  as  before.  Mix  the  solutions,  and  add  mu¬ 
riatic  acid,  till  the  precipitate,  w^hich  falls  down,  is  dis¬ 
solved  by  its  excess.  Separate  the  tin  from  the  acid  by 
carbonat  of  soda ;  wash  the  precipitate ;  dry  it ;  and  re¬ 
dissolve  it  in  muriatic  acid  by  a  gentle  heat.  Into  the 
colourless  solution,  diluted  with  tw’o  or  three  parts  of  wa¬ 
ter,  put  a  stick  of  zinc,  and  in  a  few^  days  the  whole  of 
the  tin  w  ill  gather  round  it  in  dendritic  laminse.  The  re¬ 
siduum  left  after  the  second  solution  is  to  be  treated  wdth 
muriatic  acid,  and  w'hat  tin  is  in  it  precipitated  by  zinc  in 
tlie  same  manner.  If  it  contain  any  iron,  this  may  now  be 
precipitated  by  priissiat  of  potash. 

'  The  sulphuret  requires  to  be  treated  somew  hat  differ¬ 
ently.  To  one  part  of  the  pow  dered  ore  add  four  of  mu- 
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riatic,  and  two  of  nitric  acid,  and  after  they  have  stood 
together  24  hours,  digest  for  some  time  in  a  gentle  sand 
heat ;  then  dilute  with  a  little  water,  and  filter.  Let  the 
sulphur  of  the  residuum  be  burned  off  on  a  test,  and  treat 
wbat  remains  with  fresh  nitro- muriatic  acid.  ■  The  part 
not  soluble  being  ignited  with  a  little  wax,  the  iron  will 
be  reduced,  and  the  remainder  is  silex  from  the  matrix. 
The  solutions  are  to  be  precipitiited  with  carbonat  of  pot¬ 
ash  ;  the  precipitate  redissolved  in  muriatic  acid  diluted 
with  three  pans  of  water ;  and  a  stick  of  pure  tin  immers¬ 
ed  in  this  solution.  The  copper  will  be  deposited  on  the 
tin,  and  leave  the  solution  colourless.  The  cOpix^r  being 
dissolved  by  brisk  digestion  in  nitric  acid,  if  any  tin  be 
mixed  with  it,  this  will  fiill  down  in  the  state  of  white 
oxyde.  The  tin  may  be  separated  by  zinc,  as  in  the  pre¬ 
ceding  instance  ;  and  what  was  dissolved  from  tlic  stick  - 
used  in  precipitating  the  copper,  must  be  deducted  from 
its  weight. 

In  the  dry  way,  these  ores,  after  pulverization  and  se¬ 
paration  of  the  stony  matter  by  washing,  arc  to  \yc  melted 
with  a  mixture  of  double  their  weight  of  a  flux,  consist¬ 
ing  of  equal  parts  of  pitch  and  calcined  borax,  in  a  cruci¬ 
ble  lined  with  charcoal,  and  to  which  a  cover  is  luted ; 
fusion  should  be  speedily  procured. 

Bergman  recommends  a  mixture  of  one  part  of  the  ore 
wkhtwoof  tartar,  one  of  black  flux,  and  half  a  part  of 
resin  this  is  to  be  divided  into  three  parts,  and  each  suc¬ 
cessively  projected  into  a  crucible  heated  white,  and  im¬ 
mediately  covered  after  the  foregoing  portion  ceases  to 
flame  ;  the  whole  operation  takes  up  but  sevea  minutes, 
or  less. 

.  Previous  to  smelting  in  the  large  way,  the  impure  ores 
of  tin  must  be  cleansed  as  much  as  is  possible  from  all 
heterogeneous  matters.  This  cleansing  is  more  necessa¬ 
ry  in  ores  of  tin  than  of  any  other  metal,  because  in  the 
*  The  tnrtar  and  black  flux  arc  bad.  T.  Ci 
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smelting  of  tin  ores  a  less  intense  heat  must  be  given,  than 
is  sufficient  for  the  scorification  of  earthy  matters,  lest  the 
tin  be  oxyded.  Tin  ores  previously  bruised,  msy  be 
cleansed  by  washing,  for  which  operation  their  great 
weight  and  hardness  render  them  well  adapted.  If  they 
be  intermixed  with  very  hard  stones,  or  ferruginous  ores, 
a  slight  roasting  will  render  these  impure  matters  more 
friable,  and,  consequently,  fitter  to  be  separated  from  the 
tin  ores.  Sometimes  these  operations,  the  roasting,  con¬ 
tusion,  and  lotion,  must  be  repeated.  By  roasting,  the 
ferruginous  particles  are  so  far  revived,  that  they  may  bt 
separated  by  magnets. 

The  ore,  thus  cleansed  from  adhering  heterogeneous 
matters,  is  to  be  roasted  in  an  oven,  or  revcrberatoiy’  fur- 
nace,  with  a  fire  rather  intense  than  long  continued,  dur¬ 
ing  w  hich  it  must  be  frequently  stirred  to  prevent  its  fu¬ 
sion.  By  this  operation  the  arsenic  is  expelled,  and  in 
some  works  is  collected  in  chambers  built  purposely  a- 
bovc  the  oxyding  furnace. 

Lastly,  the  ore  cleansed  and  washed  is  to  be  fused,  and 
reduced  to  a  metallic  state.  In  this  fusion,  attention  must 
be  given  to  the  following  particulars : 

1.  No  more  heat  is  to  be  applied  than  is  sufficient  fq^ 
tlic  reduction  of  the  ore,  because  this  nietal  is  fusible  with 
ver}"  little  heat,  and  is  very  easily  oxydable. 

2.  To  prevent  this  oxydation  of  the  reduced  metal,  a 
larger  quantity  of  charcoal  is  used  in  this  than  in  the  other 
fusion. 

3.  The  scoria  must  be  frequently  removed,  lest  sotn^ 
of  the  tin  should  be  involved  in  it ;  and  the  melted  ore 
must  be  covered  with  charcoal  pow  der,  to  prevent  the  ox¬ 
ydation  of  its  surface. 

A.  No  flux  or  other  substance,  excepting  the  scoria  qf 
former  smeltings  which  contains  some  tin,  are  to  be  add¬ 
ed,  to  facilitate  the  fusion. 
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The  above  methods  of  assaying  tin  ore,  by  means  ol  ♦ 
the  fixt  alkalies,  is  due  to  Klaproth :  but  the  following 
method  in  the  dry  way,  appears  to  me  sufficient  for  most 
'  purposes,  and  less  complicated. 

Pound  the  ore ;  separate  it  from  the  stony  matters  that 
accompany  it ;  take  a  piece  the  size  of  a  pej)pc  r  corn,  and 
roast  it  on  charcoal  with  the  blow  pipe ;  if  any  sulphu¬ 
reous  or  arsenical  fumes  should  arise  on  this  trial,  the 
pounded  ore  must  be  well  roasted  previous  to  fusion,  with 
a  little  charcoal;  if  no  such  vapours  appear,  the  roasting 
may  be  dispensed  with.  Take  400  grains  of  the  ore; 
smear  the  sides  of  a  crucible  with  charcoal,  and  put  a 
small  quantity  of  charcoal  dust  in  the  bottom  ;  mix  up 
your  pulverized  ore  with  pitch  and  sawdust ;  lute  a  co¬ 
ver  on  your  crucible ;  urge  it  with  a  fire  quickly  raised, 
during  fifteen  minutes. in  an  air  furnace  or  blacksmith’s 
forge. 

.  The  method  of  treating  the  ores  of  tin  in  Cornwall,  Eng¬ 
land,  is  two- fold.  The  first  that  we  shall  mention,  is  that  to 
which  the  tin- stone  from  the  mines  or  vein-tin  is  subject¬ 
ed  ;  the  second  is  that  by  which  the  stream  tin  is  re¬ 
duced. 

1.  The  vein-tin  is  procured  by  blasting,  and  when 
brought  to  tlie  top  of  the  pit,  is  in  fragments  of  various 
sizes,  and  mixed  so  largely  with  quartz,  argillaceous 
scliistus,  granite,  and  other  impurities  as  rarely  to  contain 
more  than  2  per  cent,  of  metal.  The  first  preparation 
that  it  receives,  is  being  hrokai  by  hand  hammers,  about 
the  size  of  hens’  eggs,  after  which  it  is  ready  to  be  stamp¬ 
ed.  The  stamping- mill  is  of  the  usual  construction,  ex¬ 
cept  that  the  stampers  are  only  three  in  number,  and  in 
front  of  the  trough  or  coft'er,  there  is  inserted  a  plate  of  tin 
about  a  foot  square,  pierced  full  of  holes,  large  enough  to 
admit  a  moderate  sized  knitting-needle  ;  that  surface  of 
the  plates  which  .is  occupied  by  the  rough  extremities  of 
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the  holes,  is  placed  on  the  inside  of  the  trough,  by  which 
simple  and  effectual  contrivance,  the  holes  are  prevented 
from  being  plugged  up  by  the  ore.  In  proportion  as  the 
tin- stone  is  reduced  to  the  proj^er  degree  of  fineness,  it 
passes  with  the  water  through  these  holes  into  a  lab}Tintli, 
of  very  simple  construction ;  here  the  oxyd  of  tin  is  sepa¬ 
rated  from  much  of  tlie  lighter  impurities,  and  by  subse¬ 
quent  washing  on  a  wooden  table,  it  is  sufficiently  dres¬ 
sed  to  be  sent  to  the  roasting  furnace  ;  in  this  state  it  is 
called  black  tin,  and  is  generally  mixed  in  considerable 
proportion  ^vith  mispickcl,  and  iron  and  copper  py¬ 
rites. 

It  is  now  calcined  at  a  low  red-heat  in  a  large  reverbe- 
ratory  furnace  for  several  hours,  in  order  to  volatilize  tlie 
arsenic  and  burn  off  the  sulphur,  (a  part  of  this  last  after 
being  acidified,  combines  with  the  oxyds  of  copper  and 
iron.)  The  ore  comes  out  of  the  roasting  furnace,  of  a 
bright  ocherv  red  colour,  owing  to  the  decomposition 
and  oxydation  of  die  pyrites  and  mispickel,  the  oxyd  of 
tin,  if  the  operation  has  been  w  eil  performed  having  under¬ 
gone  not  the  least  alteration.  The  ore  is  nou^  w  aslied  a 
second  time,  by  which  nearly  the  whole  of  the  impurities 
arc  separated.  The  w^ater  employed  in  this  process,  being 
considerably  impregnated  with  sulphat  of  copper  is  re¬ 
served,  and  afterwards  decomposed,  by  the  addition  of 
pieces  of  old  iron.  The  next  step  is  the  reduction,  pro¬ 
perly  speaking;  for  this  purpose  a  reverberator^^  fur¬ 
nace,  about  seven  feet  long  and  three  and  a  half  feet  tvide, 
is  charged  with  seven  hundred  cw^t.  of  roasted  ore  mixed 
with  one-fifth  of  its  bulk  of  culm  (Welch  small  coal)*  no 
lime  or  any  other  kind  of  flux  being  made  use  of ;  the 
fire  is  kept  up  pretty  brisk  for  about  six  hours,  and  the  tin 
in  proportion  as  it  is  reduced,  sinks  dow  n  to  the  bed  of 
the  furnace,  being  covered  w  ith  a  boiling  hot  bath  of 
black  scoriae. 


*  Giving  no  smoke.  T.  C. 


At  the  expiration  of  this  period,  the  furnace  is  tapped 
by  means  of  an  ircm  bar,  and  the  hot  metal  flows  into  a 
shallow  pit  at  the  foot  of  the  furnace.  When  the  whole 
of  the  metal  has  run  out,  the  scoriae  are  drawn  out  of  tlic 
furnace  with  a  rake,  and  a  fresh  charge  is  immediately 
thrown  in.  While  the  metal  in  the  pit  is  red-hot,  it  throws 
up  a  quantity  of  slag  very  rich  in  metal,  which  is  imme- 
diately  returned  into  the  furnace,  and  the  melted  tin  after 
it  has  become  sufficiently  cool,  is  taken  out  with  iron  lad¬ 
les  and  poured  into  moulds  of  granite,  where  it  consoli¬ 
dates  ;  each  charge,  affording  on  an  average,  from  four  to 
five  hundred  weight  of  metal.  The  first  scoriae  are  not 
entirely  exhausted  of  metal,  and  arc  therefore  transferred 
to  the  stamp-mill,  and  afterwards  washed,  in  order  to  se¬ 
parate  the  richer  particles,  which  are  then  mixed  witli  tlie 
next  parcel  of  roasted  ore. 

The  pigs  of  tin  thus  procured,  are  next  put  widiout  any 
addition,  into  a  small  reverberatory  furnace,  wliere  they 
are  exposed  to  a  very  gentle  heat,  the  purest  part  of  the 
tin  first  melts  as  it  is  drawn  off,  forming  the  common  grain 
tin  ;  the  more  refractory  part  containing  a  small  but  vari¬ 
able  portion  of  copper,  arsenic,  and  iron,  is  then  brought 
to  a  state  of  fusion,  and  cast  into  pigs,  forming  the  com¬ 
mon  or  ordinary  tin. 

2.  'ITic  stream  tin-stone  is  not,  we  believe,  found  in  any 
other  part  of  Europe,  than  Cornwall,  (Eng.)  It  differs 
from  the  former  in  its  extreme  purity,  and  absolute  free¬ 
dom  from  arsenic,  and  in  its  occurring  in  alluvial  beds. 
The'  largest  stream- tin  work  is  at  Cam,  about  two  miles 
to  the  S.  E.  of  Perran,  not  far  from  Redruth.  It  is  situ¬ 
ated  in  a  valley,  tlirough  which  flows  a  stream,  the  coiu-se 
of  which  has  been  turned,  for  the  sake  of  getting  at  the 
treasure  concealed  beneath  its  bed.  The  workmen  first 
dig  through  a  stratum  alDOUt  fifty  feet  thick  of  clay,  shells 
and  black  earth,  in  which  has  been  found  hazel  nuts,  the 


antlers  of  an  animal  of  the  stag  kind,  a  human  scull,  and  a 
copper  battle-axe ;  to  this  succeeds  a  layer  of  rounded 
stones,  beneath  which  is  the  bed  of  tin  ore,  in  grains  and 
lumps  of  various  sizes.  The  thickness  of  this  bed  varies 
from  one  to  five  feet,  but  the  thickest  part  is  comparative¬ 
ly  the  poorest.  The  w  hole  of  the  superincumbent  strata 
is  cut  away,  as  the  workmen  proceed,  so  that  the  general 
appearance  of  the  cavity  is  that  of  a  vast  gravel  or  sand 
pit,  near  half  a  mile  long,  and  about  two  hundred  feet 
broad,  which  Is  kept  clear  of  water  by  the  powerful  action 
of  two  water-mill  pumps.  The  tin  ore,  as  it  lies  quite 
loose,  is  merely  shovelled  into  barrows,  and  wheeled  to 
the  head  of  the  works,  where  it  is  thrown  under  a  thin 
sheet  of  water  which  washes  away  the  earth,  leaving  the 
pure  ore  behind.  After  this  simple  purification  the  ore  i§ 
^sent  to  St.  Austle,  a  distance  of  about  twenty  miles,  to  be 
smelted.  Here  all  the  preparation  for  the  furnace,  that  it 
receives  is  being  bruised  and  passed  through  wire  sieves, 
containing  sixteen  meshes  in  the  square  inch.  The  fur¬ 
nace  employed  is  called  in  Cornwall,  England,  a  blowing 
furnace,  and  is  in  fact  only  a  blast  furnace  of  the  simplest 
construction,  about  sevai  feet  high,  and  supplied  with  air 
from  two  cylinders,  worked  by  an  ovcrsliot  water- wheel. 
The  only  fuel  made  use  of  is  charcoal,  and  after  the  fur*, 
nace  is  fully  heated,  it  is  fed  at  short  intervals  w  ith  tlie  fol- 
lowing  charge,  viz.  three  or  four  sbovels-full  of  ore,  and 
two  or  three  half-bushels  of  charcoal,  no  flux  of  any  kind 
being  employed.  At  the  bottom  of  tlic  furnace  is  a  small 
Channel,  through  w^hich  tjhe  reduced  tin  is  constantly  flour¬ 
ing  into  a  pit  below%  accompanied  by  a  small  quantity  of 
slag,  which  is  removed  from  time  to  time,  and  thrown 
again  into  the  furnace.  When  the  pit  is  full  of  tm,  it  is 
ladled  out  into  an  iron  boikr,  about  three  feet  in  diameter, 
with  a  small  fire  under  it,  to  keep  the  metal  sufficiently 
fluid :  tw^o  or  three  large  pieces  of  charcoal  arc  then  laid 


upon  the  tin,  and  plunged  to  the  bottom  by  means  of  an  Iron 
instrument  resembling  a  wheel,  with  a  long  handle  fixed 
in  the  axle.  A  violent  ebullition  is  immediately  excited, 
and  a  little  slag,  which  was  before  mixed  with  the  metal, 
rises  to  its  surface,  and  is  scummed  off.  In  a  minute  or 
two  after,  the  metal  i§  tried,  by  taking  up  a  ladleful  and 
pouring  again  into  the  mass,  when  if  it  appears  quite 
bright  like  silver^  and  of  an  uniform  consistence,  the  pu¬ 
rification  is  complete,  and  nothing  more  is  requisite  than 
to  cool  it  to  a  proper  degree,  and  lade  it  into  the  moulds, 
by  which  it  is  formed  into  pigs,  w  eighing  from  two  to 
three  hundred  weight  each.  If  the  metal  is  poured  too  hot 
Into  the  moulds,  it  is  apt  to  be  brittle.  Good  stream-tin 
affords  from  63  to  75  per  cent,  of  the  very  best  and  purest 
grain  tin. 

None  of  the  Cornish  tin  may  be  sold  till  it  has  been 
coined ;  for  tliis  purpose  a  small  piece  is  cut  off  from  eve-* 
ry  pig  and  assyed  ;  if  it  appears  of  the  requisite  purity,  it 
receives  the  stamp  of  the  Duchy,  and  pays  to  the  Prince  of 
Wales,  as  Duke,  four  shillings  per  cwt. 

Tin  is  a  metal  of  a  yellowish  white  colour,  considerably 
liarder  than  lead,  scarcely  at  all  sonorous,  very  malleable, 
though  not  very  tenacious.  Wires  cannot  be  made  of  it ;  but 
under  the  hammer  it  is  extended  into  the  leaves,  called  tin 
foil,  which  are  about  one  thousandth  of  an  inch  thick,  and 
might  easily  be  beaten  to  less  than  half  that  thickness,  if 
the  purposes  of  trade  required  it.  ‘  Aikxn. 

The  following  remarks  of  the  Bishop  of  Landaff,  on 
Tin,  on  the  alloys  of  Tin,  and  on  the  tinning  of  copper 
vessels,  arc  very  instructive. 

“  Tin  ore,  though  it  is  sometimes  unmixed,  is  often 
otherwise  ;  it  frequently  contains  both  tin,  and  iron,  and 
copper.  The  fire  ith  which  tin  ore  is  smelted,  is  suffi¬ 
ciently  strong  to  smelt  the  ores  or  the  other  metals  which 


TUn.  563 

are  mixed  with  it ;  and  hence  the  reader  may  understand, 
that,  without  any  fraudulent  proceeding  in  the  tin  smelter, 
there  may  be  a  variety  in  the  purity  of  tin,  which  is  ex- 
posed  to  sale  in  the  same  countrj’ ;  and  this  variety  is  still 
more  likely  to  take  place,  in  sjx^cimens  of  tin  from  differ- 
ent  countries,  as  from  the  East  Indies^  from  England^  and 
from  Germany.  This  natural  variety  in  the  purity  of  tin, 
though  sufficiently  discernible,  is  far  less  than  that  which 
is  fraudulently  introduced.  Tin  is  above  five  times  as 
dear  as  lead;  and  as  a  mixture  consisting  of  a  large  por¬ 
tion  of  tin  with  a  small  one  of  lead,  cannot  easily  be  dis¬ 
tinguished  from  a  mass  of  pure  tin ;  the  temptation  to 
adulterate  tin  is  great,  and  the  fear  of  detection  small.  In 
Corrrwally  the  purity  of  tin  is  ascertained,  before  it  is  ex¬ 
posed  to  sale,  by  what  is  called  its  coinage :  the  tin,  when 
smelted  from  the  ore,  is  poured  into  quadrangular  moulds 
of  stone,  containing  about  320  pounds  weight  of  metal, 
which,  when  hardened,  is  called  a  block  of  tin ;  each  block 
of  tin  is  coined  in  the  following  manner  : — the  officers 
appointed  by  the  duke  of  Cornwall,  assay  it,  by  taking  off 
a  piece  of  one  of  the  under  corners  of  the  block,  pardy  by 
cutting  and  partly  by  breaking;  and  if  well  purified  they 
stamp  the  face  of  the  block  with  the  impression  of  the 
seal  of  the  Duchy,  which  stamp  is  a  permisssion  for  the 
owner  to  sell,  and  at  the  same  time  an  assurance  that  die 
tin  so  marked  has  been  purposely  examined,  and  found 
merchantable*.”  This  rude  mode  of  assay,  is  not  wholly 
improjier,  for  if  the  tin  be  mixed  with  lead,  the  lead  will 
by  its  superior  weight  sink  to  the  bottom,f  and  thus  be 
liable  to  be  discovered,  when  the  bottom  corner  of  the 
block  is  examined.  But  though  the  seal  of  the  Duchy 
may  be  some  security  to  the  original  purchasers  of  block 
tin.  It  can  be  none  at  all  to  those  foreigners  who  purchase 

*  Borlase’s  Nat.  Hist,  of  Corn.  p.  183. 

1 1  doubt  this.  T.  C« 
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our  tin  frohi  Holland;  for,  if  we  may  believe  an  author 
of  great  note, — “  in  Holland  ever)^  tin  founder  lias  English 
stamps,  and  whatever  his  tin  be,  the  inscription,  block  tin, 
makes  it  pass  for  English^.”  This  foreign  adulteration 
of  English  tin  may  be  the  reason  that  Musschenbroecky 
who  was  many  years  professor  of  natural  philosophy  at 
Utrecht,  puts  the  specific  gravity  of  what  he  calls  pure 
tin  equal  to  7320,  but  that  of  English  tin,  and  he  has 
been  followed  by  WaUerius^  equal  to  7471t ;  for  it  will 
appear  presently,  that  such  sort  of  tin  must  have  contain¬ 
ed  near  one  tentii  of  its  weight  of  lead. 

Weight  of  a  cubic  foot  of  English  tin,  according  to 
different  authors.  < 

Cotes,  Ferguson,  Emerson  7320  oz.  avoir. 

Boerhaave’s  Chem.  by  Shaw  7321 

Musschenbroeck  and  Wallerius  7471 
Martin  7550 

From  the  following  experiments  it  may  appear  proba¬ 
ble,  tliat  not  one  of  these  authors,  in  estimating  the  spe¬ 
cific  gravity  of  tin,  has  used  the  purest  sort,  but  rather  a 
mixture  of  that  with  lead,  or  some  odier  metal. 

A  block  of  tin,  when  it  is  heated  till  it  is  near  melting, 
or  after  being  melted,  imd  before  it  becomes  quite  fixed, 
is  so  brittle  that  it  may  lyt  shattered  into  a  great  many  long 

*  Newuaan's  Cbcm.  by  Lewis,  p.  89. 

jMusschen.  Ess.  dc  Phys.  1739.  French  Trans.  Wallcrii 
Min.  Vol.  1.  p.  154.  There  is  a  very  good  table  of  specific  gravi¬ 
ties,  published  in  the  second  volume  of  Musschenbroeck’s  Intro- 
ductio  ad  Philoso/i/iiam  A/aturalem,  1763,  in  which  the  author  docs 
,  more  justice  to  English  tin,  putting  the  weight  of  a  cubic  foot  of 
the  fiureat  sort  equal  to  7295  avoir,  oun.  One  specimen  of  the 
purest  sort  of  Malacca  tin  gave  7331,  and  another  6125  ounces  a 
cubic  foot,  which  is  the  lightest  of  all  the  tins  which  he  ex¬ 
amined. 
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pieces  like  icicles,  by  a  smart  blow  of  an  hammer* :  tin 
in  this  form  is  called  by  our  own  manufacturers  /m, 
by  foreijrners  virgin  tin,  or  tears  of  tin  :  and  they  tell  us, 
that  its  exportation  from  Britain  is  proliibited  under  pain 
of  deathf.  Tlie  tin  which  I  used  in  the  follow  ing  expe¬ 
riments,  was  of  this  sort,  but  I  first  melted  it,  and  let  it 
cool  gradually  ;  a  circumstance,  I  suspect,  of  some  con- 
sequence  in  determining  the  specific  gravity  not  only  of 
tin,  I)ut  of  other  metals.  I  have  put  down  in  the  follow¬ 
ing  table,  the  specific  gravity  of  this  tin,  and  of  the  lead  I 
mixed  witli  it  by  fusion,  and  of  the  several  mixtures  when 
quite  cold  ;  the  water  in  which  they  were  weighed  was 
60®. 

Weight  of  a  cubic  foot  of  lead,  tin,  &c. 

Lead  -  -  1 1270  oz.  avoir. 

Tin  -  -  7170 

Tin  32  parts,  lead  1 — 7321 

Tin  16  —  lead  1—7438 

Tin  10  —  lead  1 — 7492 

Tin  8  —  lead  1—7560 

Tin  5  —  lead  1—7645 

Tin  3  —  lead  1—7940 

Tin  2  —  lead  1—8160 

Tin  1  —  lead  1—8817 

Blocks  of  tin  are  often  melted  by  the  pe^vterers  into 
small  rods  ;  I  think  the  rods  ai*e  not  so  pure,  as  the 

*  This  property  is  not  peculiar  to  tin,  I  haye  seen  masses  of  lead 
which,  under  similar  circumstances,  exhibited  similar  appearances, 
and  it  has  been  obsei’ved,  tliat  zinc,  when  heated  till  it  is  just  ready 
to  be  fused,  is  brittle. 

t  Ency.  FmnJ  and  Mr.  Baume  calls  it  etain  en  roche,  a  cause 
que  sa  forme  resemble  a  des  stalactites ;  he  says  also,  that  its  ex¬ 
portation  is  pro.hibited,  but  that  he  does  not  sec  the  reason  for  the 
prohibition,  as  it  is  not  more  pure  than  Cornish  tin :  and  in  this  ob¬ 
servation  he  is  right,  it  is  nothing  but  Cornish  tin  in  a  particular 
form.  Chym.  par  M.  Baume,  vol.  III.  p.  422. 
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grain  tin ;  at  least,  I  found  that  a  cubic  foot  of  the  spe¬ 
cimen  I  examined,  weighed  7246  ounces  ;  but  even  this 
sort  exceeds  in  purity  any  of  the  kinds  examined  by  the 
authors  above  mentioned.  Chemistr}^  affords  certain  me¬ 
thods  of  discovering  the  quantity  of  lead  with  which  tin 
is  alloyed,  but  these  methods  are  often  troublesome  in  the 
application ;  an  enlarged  table,  of  the  kind  of  which  I  - 
have  here  given  a  specimen,  will  enable  us  to  judge  with 
sufficient  precision  of  the  quantity  of  kad  contained  in  any 
mixture  of  tin  and  lead,  of  which  we  know  the  specific 
gravity.  Pewterers,  however,  and  other  dealers  in  tin, 
use  not  so  accurate  a  metluxl  of  judging  of  its  purity,  but 
one  founded  on  the  same  principle  ;  for  the  specific  gra¬ 
vities  of  bodies  being  nothing  but  the  weights  of  equal 
bulks  of  them,  they  cast  a  bullet  of  pure  tin,  md  another 
of  the  mixture  of  tin  and  lead,  which  they  want  to  exa¬ 
mine,  in  tlie  same  mould ;  and  the  more  tlie  bullet  of  the 
mixture  exceeds  the  bullet  of  pure  tin  in  weight,  the  more 
lead  they  conclude  it  contains. 

Pewter  is  a  mixed  metal ;  it  consists  of  tin  united  to 
small  portions  of  other  metallic  substances,  such  as  lead, 
zinc,  bismuth,  and  the  metallic  party  commonly  called, 
regulus  of  antimony.  We  have  three  sorts  of  pew  ter  in 
common  use ;  they  are  distinguished  by  the  names  of 
plate — trifie — ley.  The  plate  pewter  is  used  for  plates 
and  dislves  ;  the  trifle  chiefly  for  pints  and  quarts ;  and 
the  ley- metal  for  w'ine  measures,  &c.  Our  very  best  sort 
of  pevrter  is  said  to  consist  of  100  parts  of  tin,  and  of  17 
of  regulus  of  antimony,*  though  others  allow  only  10 
parts  of  regulus  to  100  of  tinf  ;  to  this  composition  the 
French  add  a  little  copper.  Crude  antimony,  w'hich  con¬ 
sists  of  nearly  equal  portions  of  sulphur  and  of  a  metallic 


*  Med.  Trans,  vol.  I.  p.  28f. 
^  Penfib.  Clicm.  p.  522. 
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substance,  n>ay  be  taken  inwardly  with  f^reat  safety ;  but 
the  metallic  part,  or  reguliis^  when  separated  from  the  suU 
phur,  is  held  to  be  very  poisonous.  Yet  plate  pewter 
may  be  a  very  innocent  metal,  the  tin  may  lessen  or  anni¬ 
hilate  the  noxious  qualities  of  the  metallic  part  of  the  anti¬ 
mony.  We  have  an  instance  somewhat  similar  to  this  in 
standard  silver,  the  use  of  which  has  never  been  esteemed 
unwholesome,  notwithstanding  it  contains  near  one 
twelfth  of  its"  weight  of  copi:>er.  Though  standard  silver 
has  always  been  considered  as  a  safe  metal,  when  used  for 
culinary  purposes ;  yet  it  is  not  altogether  so,  the  copper 
it  contains  is  lialile  to  be  corroded  by  saline  substances  in¬ 
to  verdigris.  I'liis  is  frequently  seen,  when  common 
salt  is  suffered  to  stay  a  few  days  in  silver  salt-cellars, 
which  have  not  a  gold  gilding  ;  and  even  saline  draughts, 
made  with  volatile  salt  and  juice  of  lemons,  have  been 
observed  to  corrode  a  silver  tea  spoon,  which  h:id  been 
left  a  week  in  the  mixture. 

The  weight  of  a  cui  jic  foot  of  each  of  these  sorts  of 
pewter  is. 


Plate 

- 

7248 

Trifle 

- 

7339 

Ley 

- 

7963. 

If  the  plate  pe^vter  be  composed  of  tin  and  regulus  of 
antimony,  tliere  is  no  reason  to  exj)ect,  that  a  cubic  foot 
of  it  should  be  heavier  than  it  appears  to  be  ;  since  regu- 
Ills  of  antimony,  according  to  the  different  ways  in  which 
it  is  made,  is  heavier  or  lighter  than  pure  tin.  A  very  fine 
silver- looking  metal  is  said  to  be  composed  of  l(!0  pounds 
of  tin,  8  of  regulus  of  antimony,  1  of  bismuth,  arid  4  of 
copper.  The  ley  pewter,  if  we  may  judge  of  its  compo¬ 
sition  by  comparing  its  weight  with  the  weights  of*  the 
mixtures  of  tin  and  lead,  mentioned  in  the  table,  contains 
not  so  much  as  a  third,  but  more  than  a  fifth  part  of  its 
tveight  of  lead  ;  this  quantity  of  lead  is  far  too  much. 
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considering  one  of  the  uses  to  which  this  sort  of  pewter  is 
applied  ;  for  acid  wines  will  readily  corrode  the  lead  of 
the  flaggons,  in  which  they  are  measured,  into  sugar  of 
lead  ;  this  danger  is  not  so  great  with  us,  where  wine  is 
seldom  sold  by  the  measure,  as  it  is  in  other  countries 
■where  it  is  generally  sold  so,  and  their  wine  measures  con¬ 
tain,  probably,  more  lead  than  ours  do.  Our  English 
pewterers  have  at  all  times  made  a  mystery  of  their  art, 
and  their  caution  w^as  formerly  so  much  encouraged  by 
the  legislature,  that  an  act  of  parliament  was  passed,  ren¬ 
dering  it  unlawful  for  any  master  pewterer  to  take  an  ap¬ 
prentice,  or  to  employ  a  journeyman  w  ho  was  a  foreigner. 
In  the  present  improved  state  of  ehemistry,.this  caution 
is  useless ;  since  any  one  tolerably  skilled  in  that  science, 
would  be  able  to  discover  the  quality,  and  quaiitity  of  the 
metallic  substances,  used  in  any  particular  sort  of  pewter ; 
and  it  is  not  only  useless  now,  but  one  would  have 
thought  it  must  have  been  always  so ;  whilst  tin,  the  prin^ 
cipal  ingredient,  was  found  in  no  part  of  Europe  in  so 
pure  a  state,  nor  in  so  great  plenty  as  in  England. 

Borlase  and  Prijcc^  who  have  written  so  minutely  on 
the  method  of  preparing  the  tin  in  Cortrwall^  are  both  of 
them  silent,  as  to  any  operation  the  tin  undergoes  subsequent 
to  its  coinage ;  n*  )r  do  they  say  any  thing  of  its  being 
mixed  with  other  metallic  substimccs  previous  to  its  coin¬ 
age  ;  but  assure  us,  that  the  tin,  as  it  flows  from  the  ore, 
is  laded  into  troughs,  each  of  which  contains  about  three 
hundred  pounds  weight  of  metal,  called  slabs,  blocks,  or 
pieces  of  tin,  in  which  size  and  form  it  is  sold  in  every 
market  in  Europe.  Foreigners,  however,  in  general  as¬ 
sert,  that  our  tin  as  exported  is  a  mixed  metal  ;  and  tlic 
French  Encyclopedists  in  particular  (article  etain)  inform 
us,  on  the  authority  of  Mr.  liouellc^  that  the  virgin  tin  is 
again  melted  and  cast  into  iron  moulds  of  half  a  foot  in 
thickness;  that  the  metal  is  cooled  very  slowly;  that' 
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when  cold  it  is  divided  horizontally  into  three  layers;  that 
the  uppermost,  being  very  soft  pure  tin,  is  afterw^ards 
mixed  with  copper,  in  the  proportion  of  3  pounds  of  cop¬ 
per  to  100  of  tin ;  that  the  second  layer,  being  of  a  harsher 
natun*,  has  5  pounds  of  lead  added  to  an  100  of  the  tin ; 
and  that  the  lowest  layer  is  mixed  with  9  pounds  of  lead 
to  an  hundred  of  the  tin ;  the  whole  is  then  re-melted, 
and  cooled  quickly,  and  this,  they  say,  is  the  ordinary  tin 
of  England  ;  and  Geoffroy  had  formerly  given  much  the 
same  account.*  '^fherc  is,  probably,  no  other  founda¬ 
tion  for  this  report,  but  that  pewter  has  been  mistaken  for 
tin,  these  metals  being  sometimes  called  by  the  same 
name ;  and  fine  pewter  being  sometimes  made  from  a 
mixture  of  1  part  of  copper  w  ith  20  cr  30  parts  of  tin. 

The  mixture  generally  used  for  the  tinning  of  copper 
vessels,  consists  of  3  pounds  of  lead,  and  of  5  pounds  of 
pewter  ;  when  a  finer  composition  is  required,  ten  parts 
of  lead  are  mixed  with  sixteen  of  tin  ;  or  one  part  of  lead 
with  two  of  tin  ;  but  the  proportions  in  which  lead  and 
tin  are  mixed  together,  even  for  the  same  kind  of  work, 
are  not  every  where  the  same  ;  different  arti  its  having  dif¬ 
ferent  customs.  Vessels  tinned  with  pure  tin,  or  with 
the  best  kind  of  pewter,  which  contains  no  lead,  do  not 
stain  the  fingers  when  rubbed  w  ith  them  :  whilst  those 
which  are  tinned  w  ith  a  composition,  into  which  lead  en¬ 
ters  as  a  constituent  part,  colour  the  fingers  with  a  black¬ 
ish  tinge. 

* - fusores  aperto  furni  ostiolo,  metallura  in  formas  quasdam 

ex  arena  paratas  difflucre  sinunt,  ibique  in  massas  grandiorcs  con- 
crescit.  Superior  stannese  maisse  pars  adco  mollis  cst  et  flexilis 
ut  sola  claborari  acqueat  sine  cupri  mUccla,  trium  scilicet  librarum 
super  stanni  libras  centum.  Massx  pars  media  binas  tantum  cu¬ 
pri*  libras  recipit.  Inlima  vero  adco  fragilis  est  et  intractabilis, 
lit  cum  hujus  metalli  centum  libris  plumbi  libras  octodechn  con- 
sociarc  oportcat.  Geoff.  Mat.  I*  P*  282. 


Zinc  was  long  ago  recommended  for  the  tinning  of 
copper  vessels,  in  preference  both  to  the  mixture  of  tin 
and  lead,  and  to  pure  tin*  :  and  zinc  certainly  has  the 
advantage  of  being  harder  than  tin,  and  of  bearing  a  great¬ 
er  degree  of  heat  before  it  will  be  melted  from  tlK‘  surface 
of  the  copper ;  so  that  on  both  these  accounts  it  would, 
when  applied  on  the  surface  of  copper,  last  longer  than 
tin  ;  just  as  tin,  for  the  same  reasons,  lasts  longtr  than  a 
mixture  of  tin  and  lead.  But  whether  zinc  makes  ahy 
part.of  the  compound  metal  for  tinning  copper,  so  as  to 
prevent  the  necessity  of  repeated  tinning,  for  which  a  pa¬ 
tent  w^as  granted  some  years  ago,  is  what  I  cannot  affirm. 
Whatever  may  be  the  excellence  of  that  composition,  or 
of  any  other  composition,  which  may  be  invented  witli 
respect  to  its  durability,  and  its  not  contracting  rust ;  still 
it  ought  not  to  be  admitted  into  general  use,  till  it  has  - 
been  proved,  that  it  is  not  soluble  in  vegetable  acids,  or 
that  its  solutions  are  not  noxious. f  A  method  has  of 
late  years  been  introduced  at  Rouen^  of  applying  a  coat  of 
zinc  upon  hammered  iron  sauce-pans.  The  vessels  are 
first  made  very  bright,  so  that  not  a  black  speck  can  be 
seen  ;  they  are  then  rubbed  with  a  solution  of  sal  ammo¬ 
niac,  and  afterwards  dipped  into  an  iron  pot  full  of  melted 
zinc,  and  being  taken  out,  the  zinc  is  found  to  cover  the 
surface  of  the  iron  ;  and  if  a  thicker  coat  of  zinc  is  want¬ 
ed,  it  may  be  obtained  by  dipping  the  vessel  a  second 
time.  This  kind  of  covering  is  so  hard,  that  the  vessels 
may  be  scoured  with  sand  without  its  being  rubbed  off.J 

*  Mem.  dc  TAcad.  des  Scien.  a  Par.  1742. 

t  This  doubt  with  respect  to  zinc  is  said  to  have  been  removed. 
M.  de  la  Planche,  a  physician  at  Paris,  tried  the  experiment  on 
himself:  he  took  the  salts  of  zinc,  formed  by  the  vegetable  acids, 
in  a  much  stronger  dose  than  the  aliments  prepared  in  copper 
vessels,  lined  with  zinc,  could  have  contained;  and  he  felt  no  dan¬ 
gerous  effects  from  them.  Fourcroy's  Chem.  vol.  I.  p.  442. 

I  Journ.  de  Phy.  Decern.  1778. 
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Kitchen  utensils,  wliich  are  made  of  cast  iron,  are  usually- 
tinned  to  prevent  the  iron’s  rusting  ;  and,  as  great  im- 
provements  have  been  latelv"  made  in  rendering  cast  iron 
malleable,  it  is  not  unlikely,  but  that  tinned  iron  vessels 
nuy  become  of  general  use. 

The  common  method  of  tinning,  consists  in  making 
the  surface  of  the  copper  vessel  quite  bright,  by  scraping 
it,  and  by  washing  it  with  a  solution  of  sal  ammoniac ;  it 
is  then  heated,  and  the  tin,  or  metallic  mixture  designed 
for  tinning,  is  melted,  and  poured  into  it,  and  being  made 
quickly  to  flow  over  every  part  of  the  surface  of  the  vessel, 
it  incorporates  with  the  copixrr,  and,  when  cold,  remains 
united  with  it.  Rosin  or  j^itch  are  sometimes  used,  to 
prevent  the  tin  from  being  calcined,  and  the  copper  from 
being  scaled,  either  of  which  circumstances  would  hinder 
the  sticking  of  the  tin. 

I  had  the  curiosity  to  estimate  the  quantity  of  pure  tin, 
which  is  used  in  tinning  a  definite  surface  of  copjx^r.  The 
-iTsscl  was  accurately  weighed  before  and  after  it  was  tin¬ 
ned,  its  surface  was  equal  to  254  square  inches;  its 
weight,  before  it  was  tinned,  w'as  46  ounces,  and  its 
weight,  after  the  operation,  was  barely  46  1-2  ounces ;  so 
that  half  an  ounce  of  tin  w  as  spread  over  254  square  inch¬ 
es,  or  somewhat  less  than  a  grain  of  tin  upon  each  square 
inch.  How  innocent  soever  pure  tin  may  be,  yet  the  tCr 
nuity  of  the  coat  of  it,  by  which  copper  vessels  are  co¬ 
vered,  in  the  ordinary  way  of  tinning,  cannot  fail  to  ex¬ 
cite  the  serious  apprehensions  of  those  who  consider  it ; 
for  in  the  cxi)criment  which  I  have  mentioned,  the  tin  wa«; 
laid  on  with  a  thicker  coat  thiin  in  the  common  way ; 
instead  of  a  grain,  I  susjKCt  that  not  a  quarter  of  a  grain 
of  tin  is  spread  over  a  square  inch  in  the  common  vvHy  of 
tinning.  A  discovery  has  been  lately  made  at  Paris  of  a 
method  of  giving  to  copper  or  iron  a  coat  of  any  required 
thickness,  by  tinning  them ;  the  composition  used  for 
VoE.  llf.  " 


the  tinning  is  not  mentioned,  but  it  is  said  that  a  piece  of 
copper,  wliich  in  the  common  way  of  tinning  only  absorb¬ 
ed  21  grains  of  tin,  absorbed  of  the  new  composition  432 
grains,  or  above  twenty  times  as  much.*  Till  this  dis¬ 
covery  is  generally  known,  our  workmen  should  study  to 
cover  the  copper  witli  as  thick  a  coat  as  tliey  are  able  of 
pure  tin.  The  danger  from  the  corrosion  or  solution  of 
tlie.tin  by  vinegar,  juice  of  lemons,  or  other  vegetable 
acids,  if  any  at  all,  cannot,  it  is  apprehended,  be  sensibly 
felt,  except  in  very  irritable  habits,  or  where  sour  broths, 
sauces,  or  syrups  are  sufl'ered  to  stand  long  in  tinned  ves¬ 
sels  before  they  are  used.  And,  indeed,  a  proper  atten¬ 
tion  to  keeping  the  vessels  clean,  might  render  the  use  of  cop¬ 
per  itself,  for  the  boiling  of  food,  especially  of  animal  food, 
wholly  safe*  The  French  may  be  allow  ed  to  excel  us  in 
cookery,  but  we  probably  excel  tlaem  in  cleanliness ;  for 
the  melancholy  accidents  attending  the  use  of  copper  ves- 
^Is,  are  much  less  frequent  in  England  tlran  in  France  ; 
and  tliis  difference  proceeds,  I  conjecture,  ft  om  the  supe¬ 
rior  care  of  the  English  in  keeping  their  vessels  clean,  and 
from  tlie  cheapness  aixl  purity  of  the  tin  w'e  use  in  tinning 
copper.  We  are  not  certain  tliat  the  art  of  tinning  cop¬ 
per  vessels  was  known  to  tlie  Jeivs^  when  they  came  out 
of  Egypt :  the  vessels  used  in  the  temple  service,  were 
made  of  copper  by  divine  appointment;  and  by  being 
constantly  kept  clean,  no  inconveniences  followed.  The 
wort,  from  which  malt  liquor  is  brewed,  is  boiled  in  cop¬ 
per  vessels ;  the  distillers  and  confectioners,  prepare  their 
spirits  and  syrups  in  un-tinned  vessels  of  the  same  metal, 
without  our  suffering  any  thing  in  our  health  from  these 
practices ;  at  least,  without  our  being  generally  persuaded 
thiit  we  suffer  any  thing.  A  new  copper  vessel,  or  a  cop¬ 
per' vessel  newly  tinned,  is  more  dangerous  than  after  it 

’^L’Esprit  des  Journaux,  Mai, 
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been  used ;  because  its  pores,  which  the  eym  cannot 
distinguish,  get  filled  up  with  the  substances  which  are 
boiled  in  it,  and  all  the  sliarp  edges  of  the  prominent  parts 
become  blunted ;  and  arc  tliereby  rendered  less  liable  to 
be  abraded. 

M.  de  la  iMudcy  in  describing  the  cabinet  at  Portici^  ob¬ 
serves,  that  the  kitchen  utensils,  which  have  been  dug  up 
at  Herculaneum^  are  almost  all  of  them  made  of  a  com¬ 
pound  metal  like  our  bronze,  and  that  many  of  the  vessels 
are  covered  with  silver,  but  none  of  them  with  tin  ;  and 
hence  he  concludes,  that  the  useful  art  of  applying  tin 
upon  copper,  was  unknown  to  the  Romans  ;  cet  art  utile 
cf’  appliquer  V  etain  sur  le  cuwre  manquolt  aux  Romains*^' 
By  the  same  mode  of  arguing,  it  might  be  inferred,  that 
wliatevcr  is  not  met  with  in  one  house  or  town,  is  not  to 
be  found  in  a  whole  country :  yet,  should  a  town  in 
England,  in  which  there  happened  to  be  plenty  of  tinned,  • 
but  no  plated  or  silvered  copper,  be  swallawcd  up  by  an 
earthquake,  a  future  antiquary,  emjJoyed  in  digging  up 
its  ruins,  would  make  a  bad  conclusion,  if  he  should 
tlience  infer,  that  the  English  understood,  indeed,  at  riiat 
time  the  art  pf  applying  a  covering  of  tin,  but  not  one  of 
silver  upon  copper.  If  the  ingenious  author  had  recol- 
lected  what  is  said  in  the  31th  book  of  Plinifs  Natural 
Histor}',  he  would  have  seen  reason  to  believe,  iliat  the 
Romans,  at  least  when  Pliny  wrote  that  book,  did  under- 
|taud  the  method  of  tinning  copper  which  is  now  in  use ; 
for  this  gi^ejt  naturalist  assures  us  in  express  terms,  that 
tui  smeared  upon  copper  vessels,  rendered  the  taste  more 
agreeable,  and  restrained  the  virulence  of  the  copper  rust. 
It  is  to  no  purpose  to  object,  that  the  tin  (stannum)  of 
Pliny,  was  a  substance  different  from  our  tin ;  for  though 
it  should  be  in  some  measure  granted,  that  it  was  a  mix- 


*  Voyage  d’ un  Francois  cn  Italic,  vol.  VII.  p.  120, 
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ture  of  lc^«ind  silver,  yet  the  same  author  tells  us,  in  the 
same  place,  that  white  lead  [plumbum  alburn)^  by  which 
it  is  universally  allowed  our  tin  is  meant,  was  so  incorpo¬ 
rated  with  copper  by  boiling,  that  the  copper  could  scarce¬ 
ly  be  distinguised  from  silver.^  Nay,  it  appears  that 
the  Romans  not  only  used  pure  tin,  but  the  same  mix¬ 
ture  of  tin  artd  lead,  which  some  of  our  workmen  use  at 
this  time  in  tinning  vessels.  A  mixture  of  equal  parts  of 
tin  and  lead,  they  called  argentarium ;  a  mixture  of  two 
parts  of  lead  and  one  of  tin,  they  call  tcrtiarium  ;  and 
with  equal  parts  of  tertiarhim  and  tin,  that  is,  with  two 
parts  of  tin  and  one  of  lead,  they  tinned  whatever  vessels 
they  thought  fit.  They,  moreover,  applied  silver  upon 
copper,  in  the  same  way  in  which  they  applied  tin  upon  it  ;t 
and  they  used  this  silvered  copper  ( 1  do  not  call  it  plated^ 
because  copj)cr  is  plated  by  a  different  process)  in  orna¬ 
menting  their  carriages,  and  the  harness  of  their  horses, 

*  Stannum  illitum  aeneis  vasis,  saporem  gratiorem  reddit,  et 
compescit  seruginis  virus,  mirumquc,  pondas  non  auget — from 
tl>a  weight  of  the  copper  not  being  sendbly  increased  (for 
Pliny  hei’e  speaks  popularly)  we  may  infer,  that  the  covering  of 
tin  which  the  copper  received  was  very  slight,  and  the  ait  alluded 
to  by  Pliny  in. this  place,  was  probably  the  same  with  that  of  tin¬ 
ning  now  in  use-— .album  (scil.  plumbum)  incoquitur  aereis  operibus, 
Galliaruni  ihvento,  ita  ut  vix  discerni  possit  ab  argento,  caque  in* 
coctilia  vocant.  This  description  seems  to  be  expressive  of  the 
manner  of  tinning,  by  putting  the  copper  into  melted  tin,  as  is 
practised  In  the  tinging  of  iron  plates.  Plin.  Hist.  Nat.  L.  XXXIV. 
S.  XLIII.  ^ 

t.~  deindc  et  argentum  incoquere  simili  modo  cccpcre  equo- 
Tum  maxime  ornamentis,  &c.  Id.  ib. 

.  To  the  preceding  authorities  I  add  that  many  utensils  of  copper 
plated  with  silver,  have  been  found  at  Herculaneum.  M.  Beaumc 
'presented  the  Academy  of  Sciences  with  a  plate  of  copper  coated 
with  silver  (double  d*argent)  found  in  the  Bourbonnois  near  Chen- 
telles.  On  the  border  in  relief  was  executed  a  sacrifice  to  Bac¬ 
chus.  Encyclop.  quto.  Tom.  6.  p.  406.  T.  C. 
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as  Ave  now  use  plated  copper ;  on  this  head  Pliny  pli- 
serves,  and  a  rigid  philosopher  will  apply  the  observation 
to  ourselves,  that  such  was  the  luxury  of  the  Romans, 
that  it  was  then  simply  reckoned  a  piece  of  elegance  to 
consume  in  the  ornaments  of  coaches,  and  in  the  trap¬ 
pings  of  horses,  metals,  which  their  ancestors  oould  not 
use  in  drinking  vessels,  without  being  astonished  at  their 
own  prodigality  :  Ave  are  not  yet,  however,  arrived  at  tlie 
extravagance  of  JVero  and  his  wife,  who  shod  tlieir  fa¬ 
vourite  horses  with  gold  and  silver.  '  . 

Pliny  mentions  an  experiment  as  characteristic  of  tin — 
that  Avhen  melted  and  poured  upon  paper,  it  seemed  to 
break  tlie  paper  by  its  Aveight,  rather  than  b)^  its  heat ; 
and  Aristotle,  long  before  Pliny,  had  remarked  the  small 
degree  of  heat  which  was  requisite  to  fuse  Celtic  (Britis/i) 
tin.*  This  metal  melts  Avitli  less  heat  than  anv  other 
simple  metallic  substance,  except  quicksilver ;  it  requir¬ 
ing  for  its  fusion  not  twice  the  heat  in  which  Avattr  boils ; 
but  compositions  of  tin  and  lead,  a\  hich  are  used  in  tin¬ 
ning,  melt  Avith  a  still  less  degree  of  heat,  than  what  is  re¬ 
quisite  to  melt  simple  tin  :  and  a  mixture  composed  of 
5  parts  of  lead,  3  of  tin,  and  8  of  bismuth,  though  solid 
in  the  heat  of  the  atmosphere,  melts  with  a  less  degree  of 
heat,  than  that  in  Avliich  water  boils. f 

Pewter  vessels  may  be  used  for  vinegar  provided  the 
tin  in  the  composition  be  82  per  cent.  The  finest  kinds 
of  pewter  contain  no  lead,  but  a  small  quantity  of  antimo¬ 
ny  and  copper.  Sometimes  Bismuth  forms  a  part  of  the 
alloy.  Vallerius  gwes  for  pewter  12  parts  tin,  1  antimo¬ 
ny  and  1 .48th  of  a  part  copper.  Or,  100  tin,  8  antimony, 
1  bismuth  and  4  copper.  Tin  30  parts,  zinc  1  part, 
brass  one  part,  is  a  good  alloy.  4  JFatson  158 — It^O. 

*  De  Mirab. 

t  Discovered  not  by  S.  Is.  Newton,  but  by  Rozel. 


T.  C; 
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-  Of  tinning  Iron. — Of  plating  and  gilding  Copper. 


Iron  is  tinned  in  a  different  manner  from  copper.  In 
some  foreign  countries,  particularly  in  France^  Bohemia^ 
and  Sweden^  the  iron  plates,  which  are  to  be  tinned,  are 
put  under  a  heavy  hammer  which  gives,  in  some  works, 

76  strokes  in  a  minute :  they  can  in  one  \veek,  with  one 
hammer,  fabricate  4320  plates ;  the  iron  is  heated  in  a 
fnmace  eight  times,  and  put  eight  times  under  the  hamp 
mer  during  the  operation,  and  it  loses  near  an  eighth  part 
of  its  weight.  Iron  and  copper  are  lx)th  of  them  very 
apt  to  be  scaled  by  being  heated,  and  tlicy  thereby  lose 
greatly  of  their  weight.  Twenty-four  hundred  weight  of 
pure  plate  copper,  will  not,  when  manufoctured  into  tea¬ 
kettles,  pans,  &c.  give  above  twenty-three  hundred 
weight.  Twenty- one  hundred  weight  of  bar  iron  wnll 
give  a  ton,  when  split  into  rods,  but  taking  into  conside¬ 
ration  all  iron  and  steel  wares,  from  a  needle  to  an  anchor, 
it  is  estimated  that  thirty  hundred  of  bar  iron  will,  at  an 
average,  yield  a  ton  of  wares.*  Thirty  hundred  weight 
of  cant  iron  is  reduced  to  twenty,  when  it  is  to  be  made 
into  wire  /  and  twenty-six  to  tw^cnty-two,  when  it  is  to 
be  made  into  bar  iron.  Steel  suffers  a  much  less  loss  of 
weight  in  being  hammered,  than  iron  docs.  Cast  steel 
does  not  lose  above  two  parts,  and  icr  steel  not  above 
four  in  one  hundred,  when  ^rawn  into  the  shape  of  ra¬ 
zors,  files,  &c.  The  iron  plates  in  England,  are  not  ham¬ 
mered,  but  rolled  to  proper  dimensions  by  being  put  be-  | 
tween  two  cylinders  of  cast  iron  cased  w  ith  steel.  This 
method  of  rolling  iron  is  practised  in  Norway y  when  they 
form  the  plates  with  which  they  cover  their  houses ;  but  i 
W'hether  it  was  invented  by  the  English,  or  borrowed  | 
from  some  other  country,  (as  many  of  our  inventions  in  '  ■ 

*  See  an  instructive  pamphlet,  intitlcd>  A  Reply  to  Sir  L.  O’Bri-  ' 
en,by  W.  Gibbons^  1785. 
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metallurgy  have  been,  especially  from  Germany,)  I  have 
not  been  able  to  learn.  In  the  first  account  which  I  have 
seen  of  its  being  practised  in  England,  it  is  said  to  have 
been  an  invention  of  Major  Hanhuty  at  Pontypool^  the  ac¬ 
count  was  written  in  1697,  and  many  plates  had  then  been 
rolled.*  The  millmg  of  lead,  however,  which  is  an  ope¬ 
ration  of  the  same  kind,  had  been  practised  in  the  year 
1670  ;  for  an  act  of  parliament  was  passed  in  that  year, 
granting  unto  Sir  Philip  Hoivardy  and  Francis  Watsony 
Esq ;  the  sole  use  of  the  manufacture  of  milled  lead,  for 
the  sheathing  of  ships.  A  book  was  published  in  1691, 
intitled.  The  Nenv  Irwention  of  Milled-Lead  for  sheathing 
of  Ships y  &c.  It  appears  from  this  book,  that  about  20 
ships,  belonging  to  the  navy,  had  been  sheathed  with  lead ; 
but  the  practice  was  discontinued,  on  account  of  the 
complaints  of  tlie  ofiicers  of  the  navy,  that  the  rudder 
irons  and  bolts  under  water,  had  been  wasted  to  such  a 
degree,  and  in  so  short  a  space  of  time,  as  had  never  been 
observed  upon  any  unsheathed  or  wood-sheathed  ships- 
The  persons  then  interested  in  sheathing  with  lead,  pub¬ 
lished  a  sensible  defence ;  and  amongst  other  things,  they 
remarked,  that  both  the  Dutch  and  English  had  ever  been 
in  the  habit  of  sheathing  the  stern-posts  and  the  beards 
of  the  rudders  with  lead  or  copper ;  and  tliat  the  Portu¬ 
guese  and  Spaniards  did  then  sheath  the  whole  bodies  of 
their  ships,  even  of  their  galllons,  with  lead,  and  had  done 
it  for  many  years.-  Copper  sheathing  has  since  taken 
place  in  the  navy,  but  it  is  said  to  be  liable  to  the  same 
objections  which  were,  above  a  century  ago,  made  tp  lead 
sheathing.  It  is  preferable,  however,  to  lead,  cn  account 
of  its  lightness.  If  the  fact  should  be  once  well  establish- . 

that  ships  sheathed  witli  lead  or  copper,  will  not  last 
so  long  as  those  which  are  unsheathed,  or  sheathed  only 


*  Phil.  Trans.  Ab.  rol.  V. 
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with  wood ;  It  would  be  a  problem  well  deserving  the 
consideration  of  chemists,  to  inquire  into  the  manner  how 
a  metallic  covering  operates  in  injuring  the  construction 
of  the  ships,  and  whether  that  operation  is  exerted  on  the 
iron  bolts,  or  on  the  timbers  of  the  ship.* 

When  the  iron  plates  have  been  cither  hammered  or  rolled 
to  a  proper  thickness,  they  are  steeped  in  an  acid  liquor, 
which  is  produced  from  the  fermentation  of  barley  meal, 
though  any  other  weak  acid  would  answer  the  pur;:ose:  tliis 
steeping,  and  a  subsequent  scouring,  cleans  the  surface  of 
die  iron  from  every  speck  of  rust  or  blackness,  the  least 
of  w  hich,  w  ould  hinder  tlic  tin  from  sticking  to  the  iron, 
since  no  metal  w  ill  combine  itself  w  ith  any  earth,  and  rust 
is  the  earth  of  Iron.  After  the  plates  have  been  made  quite 
bright,  they  are  put  into  an  iron  pot  filled  w'ith  melted 
tin ;  the  surface  of  the  melted  tin  is  kept  covered  w  ith 
suet  or  pitch,  or  some  fat  substance,  to  prevent  it  from 
being  calcined  ;  the  tin  presently  unites  itself  to  the  iron, 
covering  each  side  of  every  plate  with  a  thin  white  coat ; 
the  plates  are  then  taken  out  of  the  melted  tin,  and  under¬ 
going  some  further  operations,  which  render  them  more 
neat  and  saleable,  but  are  not  essential  to  the  purpose  of 
tinning  them,  they  are  packed  up  in  boxes,  and  are  every 
where  to  be  met  with  in  commerce  under  the  name  of  tin¬ 
plates  ;  though  the  principal  part  of  their  substance  is  iron, 
and  hence  the  French  have  called  them  fer  hlancy  or  white 
iron  :  Sir  John  Pettus  says,  tliat  they  were  wdth  us  vul¬ 
garly  called  bitten  ;  though  that  W'ord  more  usually  1 
think  denoted  brass. 

Tin  is  not,  but  iron  is  liable  to  contract  rust  by  ex¬ 
posure  to  air  and  moisture,  and  hence  the  chief  use  of 

'  •  It  is  owing  to  the  oxydation  of  the  iron  and  the  copper,  arising 
from  the  galvanic  action  of  each  on  tlic  other.  Tlic  bolts  and  nails 
should  be  of  copper.  -  T.  C. 
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tinning  iron,  is  to  hinder  it  from  becoming  rusty ;  and  it 
is  a  question  of  some  importance,  w  hether  iron  of  a  great¬ 
er  thickness  than  the  plates  we  have  been  speaking  of, 
might  not  be  advantageously  tinned.  I  desired  a  work¬ 
man  to  break  off  the  end  of  a  large  pair  of  pincers,  which 
had  been  long  used  in  taking  the  plates  out  of  the  melted 
tin  ;  the  iron  of  the  pincers  seemed  to  have  been  pene- 
trated  through  its  whole  substance  by  the  tin  ;  it  was  of 
a  white  colour,  and  had  preserved  its  malleability.  It  is 
usual  to  cover  iron  stirrups,  buckles,  and  bridle  bits,  with 
a  coat  of  tin,  by  dipping  them,  after  they  are  made,  into 
melted  tin  ;  and  pins,  which  are  made  of  copper  w’ire, 
are  whitened,  by  being  boiled  for  a  long  time  with  granu¬ 
lated  tin,  in  a  lye  made  of  alum  and  tartar.  Would  the 
iron  bolts  used  in  ship  building,  be  preserved  from  rust¬ 
ing  by  being  long  boiled  in  melted  tin  ? — Would  it  be 
jx)sslble  to  silver  iron  plates  by  substituting  melted  silver 
for  melted  tin  ?  I  do  not  know  that  this  experiment  has 
ever  been  tried  ;  but  an  intelligent  manufacturer  will  see 
many  advantages  which  would  attend  the  success  of  it. 

It  is  customary,  in  some  places,  to  alloy  the  tin,  used 
for  tinning  iron  plates,  with  about  one  seventieth  part  of 
its  w  eight  of  copper ;  foreigners  make  a  great  secret  of 
tliis  practice ;  I  do  not  know  whether  any  of  our  manu¬ 
facturers  use  copper,  some  of  them  I  have  reason  to  be^. 
lieve  do  not.  Too  much  copper  renders  the  plates  of  a 
blackish  hue,  and  if  there  is  too  little,  the  tin  is  too  thick 
upon  the  plates ;  but  this  thickness,  though  it  may  ren¬ 
der  the  plates  dearer,  or  the  profit  of  the  manufacturer 
less,  will  mtike  them  last  longer.  When  the  tin  is  heat¬ 
ed  to  too  great  a  pitch,  some  of  the  plates  have  yellowish 
spots  on  them  ;  but  the  coat  of  tin  is  thinner,  and  more 
even,  when  the  tin  is  of  a  great,  than  of  a  moderate  heat ; 
and  die  yellowness  may  be  taken  away,  by  boiling  the 
plates  for  two  or  three  minutes  in  lees  of  wine,  or,  where 
VoL.  III.  5  A 


they  cannot  be  had,  sour  small  beer,  or  otlier  similar  liquors, 
may,  probably,  be  used  with  the  same  success.  The 
quantity  of  tin  used  in  tinning  a  definite  number  of  plates, 
each  of  a  definite  size,  is  not  the  same  at  different  manu¬ 
factories.  In  some  fabrics  in  Bohemia^  they  use  14 
pounds  weight  of  tin  for  making  300  plates,  each  of  them 
being  111-5  inches  long  by  8  1-2  broad;  according  to 
this  account,  one  pound  of  tin  covers  a  surface  of  28  1-3 
square  feet :  in  other,  where  the  tin  is  laid  on  thicker,  one 
pound  will  not  cover  above  22  square  feet ;  the  thickness 
of  the  tin,  even  in  this  case,  is  small,  not  much  exceed¬ 
ing  the  one  thousandth  part  of  an  inch ;  though  that  is 
near  twice  the  thickness  which  tin  has  upon  copper  in  the 
erdinary  way  of  tinning.  I  have  enquired  of  our  Englisli 
manufacturers  concerning  the  quantity  of  tin  used  by 
them  in  covering  a  definite  surface  of  iron,  and  from  what 
I  could  collect,  it  is  very  nearly  the  same  with  that  used 
in  Bohemia,  from  whence  we  derived  the  art  of  tinning, 
or  28  square  feet  to  a  pound  of  tin. 

There  are  various  tin  plate  manufactories  established  of 
late  years  in  different  parts  of  England  and  Wales.  Sax¬ 
ony,  and  part  of  Bohemia  formerly  supplied  all  the  kno^\Tl 
world  with  this  commodity  ;  but  England  now  exports 
large  quantities  of  it  to  Holland,  Flanders,  France,  Spain, 
Italy,  and  other  places.  About  the  year  1670,  Andrew 
Yarranton  (he  deserves  a  statue  for  the  attempt)  under- 
took,  at  the  expence  of  some  enterprising  persons,  a  jour- 
ney  into  Saxony,  in  order  to  discover  the  art  of  making 
tinplates;  he  succeeded  to  his  utmost  wishes ;  and,  on 
his  return,  several  parcels  of  tin  plates  were  made,  which 
met  with  the  approbation  of  the  tin  men  in  London  and 
Worcester.*  Upon  this  success,  preparations  were  made 
for  setting  up  a  manufactory,  by  the  same  persons  who 

9 

*  England^  improvement  by  sea  and  land,  by  And.  Yarranton, 
Gent.  1698. 
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had  expended  their  money  in  making  the  discovery ;  but 
a  patent  being  obtained  by  some  others,  the  design  was 
abandoned  by  the  first  projectors,  and  the  patentees  never 
made  any  plates ;  so  that  the  whole  scheme  seems  to  have 
been  given  up  till  the  year  1720,  when  the  fabricating  of 
tin  plates  made  one  of  the  many  very  useful  projects, 
(though  they  were  mixed  with  some  which  were  imprac¬ 
ticable)  for  which  that  year  will  ever  be  memorable. 
How  soon  after  that  year  the  manuflicture  of  tin  plates 
gained  a  pasting  establishment,  and  where  they  were  first 
made,  are  points  on  which  I  am  not  sufficiently  informed ; 
an  old  Cambridge  workman  has  told  me,  that  he  used 
them  at  Lynn,  in  Norfolk,  in  the  year  1730,  and  thattliey 
came  from  Pontypool.  The  tin  men,  at  the  first  intro¬ 
duction  of  the  English  plates,  were  greatly  delighted  w  ith 
them  ;  they  had  a  better  colour,  and  were  more  pliable 
than  the  foreign  ones,  which  were  then,  and  still  continue 
to  be  hammered ;  it  being  impossible  to  hammer  either 
iron  or  copper  to  so  uniform  a  thickness,  as  these  metals 
are  reduced  to  by  being  rolled.  It  is  said,  that  a  Cornish 
tin  man  flying  out  of  England  for  a  murder  in  1243,  dis¬ 
covered  tin  in  Saxony,  and  that  before  that  discovers, 
there  was  no  tin  in  Europe,  except  in  England  a  Ro¬ 
mish  priest,  coifvcrted  to  be  a  Lutherian,  carried  the  art 
of  making  tin  plates  from  Bohemia  into  Saxony  about  the 
year  1620  ;t  and  Andrew  Yarranton,  as  we  have  seen, 
brought  it  frona  Saxony  into  England  about  the  year 
1670 ;  Saxony  at  that  time  being  the  only  place  in  which 
the  plates  were  made.  They  are  now  made  not  only  in 
England,  but  in  France,  Holland,  Sweden,  &c.  though 
from  the  cheapness  of  our  tin,  and  the  excellency  of  some 
sorts  of  our  iron,  the  greatest  share  of  the  tin  plate  trade 
must  ever  centre  with  ourselves.  Our  coal  is  another  cir- 


*  Heylin’s  Gco^. 


t  Yarranton. 


ciimstance,  which  tends  to  give  Great  Britain  an  advan¬ 
tage,  over  some  other  countries,  in  such  manufactures  as 
require  a  great  consumption  of  fuel.  Wood  was  scarce 
in  Saxony  above  a  century  ago,  and  it  is  now  still  more 
scarce  in  France.  They  are  beginning,  it  is  said,  in  tliat 
country  to  use  coal  and  coak,  or  charred  pitcoal,  called  by 
them  Charhon  de  terre  epiire^  and  they  have  granted  a  pa¬ 
tent  to  an  individual  for  the  preparation  of  it.*  Anodier 
individual  has  began  to  distil  tar  from  pitcoal,  and  he 
gets  about  5. pounds  weight  of  tar  from  an  hundred  of 
coal  (which  is  pretty  nearly  what  I  suggested  in  1781, 
as  possible  to  be  obtained  from  the  same  quantity,  vol. 
II.  p.  352.)  The  Frenchf  expect  great  advantage  from 
this  mode  of  depurating  coal,  but  we  have  nothing  to  ap¬ 
prehend  on  that  score,  for  the  patriotic  zeal  of  the  Earl  of 
Dundonald  has  put  us  in  possession  of  every  advantage 
which  can  be  expected  from  a  discovery,  which  he  has 
had  the  honour  of  bringing  to  perfection. 

I  do  not  know  whether  any  attempt  has  ever  been  made 
to  plate  copper  with  tin  instead  of  silver  ;  I  am  aware  of 
some  difficulty,  which  might  attend  the  operation,  but 
yet  it  might,  I  think,  be  performed ;  and  if  it  could,  we 
might  then  have  copper  vessels  covered  with  a  coat  of  tin 
of  any  required  tliickness,  which  is  the  great  desideratum 

*  Acad.  dcsScicn.  a  Paris,  1781 ;  where  M.  Lavoisier  gives 
an  useful  memoir  on  the  comparative  excellencies  of  pit-coal, 
coak,  wood  and  charcoal  as  fuels.  II  suit  de  ccs  experiences,  que 
pour  produire  des  effets  egaux,  il  faut  employer  :  charbon  de  terre 
600  livres;  charbon  dc  terre  charbonne  552  ;  charbon  dc  bois 
mele960;  bois'dc  hetre  1125  ;  bois  de  chene  1089. 

t  II  suffit  de  dire  qu*  ellc  peut  fournir  a  la  capitale  un  nou¬ 
veau  chauffage,  devenu  neccssairc  dans  un  moment  ou  I*  on  est 
'  menace  d*  une  disette  de  bois ;  qu*  clle  peut  ouvrir  dans  Ic  roy- 
aume  une  nouvellc  brance  de  commerce ;  etablir  de  nouvellcs 
manufactures ;  faire  valoir  des  mines,  restees  jusqu’  a  present 
inutilcs.  L*Esprit  des  Jouni.  JuUlct,  1785.  • 
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in  the  present  mode  of  tinning :  but  it  ought  to  be  re¬ 
marked,  that  the  thicker  the  coat  of  tin,  the  more  liable  it 
would  be  to  be  melted  off  the  copper  by  strong  fires. 

4  WatsoHy  158. 

Tin-plate  or  tinned  iron  (/Vr  Blanc  of  the  French) 
holds  an  intermediate  place  between  an  .alloy  and  a  coat¬ 
ing.  It  is  made  simply  by  immersing  plates  of  iron  into 
melted  tin,  whereby  they  not  only  become  covered  with  a 
l^erfect  coating  of  this  metal,  but  a  very  intimate  union  of 
the  two  nletals  takes  place,  to  a  certain  depth  in  the  sub¬ 
stance  of  the  iron,  which  is  seen  by  cutting  it  transverse¬ 
ly,  and  when  the  tinning  has  been  repeated  two  or  three 
times,  the  whole  plate  is  more  or  less  alloyed,  or  as  it 
were,  soaked  with  the  tin. 

Tiu-plate  is  manufactured  in  several  countries,  but  no 
where  to  such  perfection  as  in  England,  to  judge  by  the 
quantity  exported.  The  finest  kind  when  highly  polish¬ 
ed,  has  a  lustre  and  whiteness  scarcely  interior  to  silver, 
and  the  peculiar  excellence  of  the  Englii^h  plate,  appears 
to  be  chiefly  owing  to  the  perfect  smoothness  given  to  the 
plate  before  tinning,  and  the  great  uniformity  in  the  ap¬ 
plication  of  the  metallic  coating. 

"  The  general  process  is  extremely  simple,  and  is  thus  de¬ 
scribed  by  Mr.  Donovam 

It  is  carried  on  near  Caermarthen  in  South  Wales,  the 
centre  of  an  immense  and  increasing  manufacturing  dis- 
trict,  of  many  of  tlie  most  important  metals. 

The  iron  ore  employed  in  this  manufactory,  is  the  com¬ 
mon  kind  of  the  country,  intermixed  with  a  large  portion 
of  the  fine  hsenaatite  from  Ulverstone,  in  Lancashire,  which 
gives  a  very  fine  metal.  This  too  is  smelted  with  char¬ 
coal,  instead  of  coke,  to  produce  a  metal  of  the  greatest 
purity  and  extensibility,  and  closeness  of  texture,  which 
qualities  are  particularly  required  in  this  manufacture. 
The  reduced  ore  is  smelted  in  the  usual  manner,  and  cast 
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into  pigs,  which  we  then  wrought  by  the  hammer  into 
long  flat  bars,  that  are  afterwards  cut  into  pieces  of  about 
ten  indies  in  length.  These  are  then  wrought  into  plates 
by  being  heated  red-hot,  and  passed  through  a  flatting 
mill,  which  consists  of  two  large  cylinders  of  steel,  case- 
hardened,  and  secured  in  a  frame  of  iron.  These  are 
placed  contiguous  to  each  other,  but  with  a  certain  inter¬ 
val  of  space,  and  revolve  in  a  contrary  direction ;  so  that 
when  one  end  of  the  bar  is  thrust  in  the  space  between  the 
cylinders,  the  wlxile  is  draw  n  through  and  proportionably 
extended  and  flattened  in  the  passage.  The  distance  be¬ 
tween  the  cylinders,  which  of  course  determines  the  thick¬ 
ness  of  the  plate,  is  maintained  and  regulated  by  screws, 
Ayhich  can  be  altered  at  pleasure.  When  the  bar  is  thus 
made  into  a  plate  of  twice  the  thickness  of  the  ordinary 
plates,  it  is  heated  red-hot,  cut  in  tw(^  by  a  pair  of  shears, 
and  one  piece  folded  exactly  over  the  other,  and  both  re¬ 
passed  repeatedly  through  the  cylinders,  till  the  folded 
plate  has  extended  to  the  same  length  and  breadth  as  the 
plate  was  before  cutting.  It  is  then  clipped  round  tlie 
edges,  and  the  two  plates  tom  asunder  (which  requires 
some  little  force)  after  which  they  are  each  finished  by 
passing  through  a  finer  rolling-press,  so  as  to  take  aw*ay 
every  crease  or  inequality  in  tlie  plate,  and  those  that  are 
too  rough  to  pass  through  this  finer  press  are  thrown 
aside. 

The  plates  are  then  steeped  in  a  very  weak  acid  liquor, 
and  when  taken  out  are  scoured  thoroughly  with  bran  so 
^  to  be  quite  bright  and  polished  to  enable  the  tin  to  ad¬ 
here.  The  tin  is  melted  in  deep  rectangular  crucibles, 
and  kept  fluid  by.  a  moderate  charcoal  fire  beneath.  To 
prevent  its  calcination  a  quantity  of  grease  prepared  from 
linseed- oil  and  suet  is  constantly  kept  floating  on  the  sur¬ 
face  of  the  tin  and  renewed  as  it  evaporates  off,  which  gives 
an  excessively  nauseous  stench.  The  plate  is  then  taken 


up  by  one  corner  by  a  pair  of  pincers  and  dipped  verti¬ 
cally  into  the  tin,  and  when  withdraw'n  is  found  beautiful¬ 
ly  w'hite  and  resplendent  with  the  coating  of  this  metal 
that  adheres  to  it.  This  dipping  is  repeated  three  times 
for  wliat  is  called  single  tin  plate,  and  six  times  for  the 
double  plate.  The  plates  are  then  only  cleansed  and  sort¬ 
ed,  and  are  fit  for  use. 

Some  further  particulars  may  be  added  from  other  au¬ 
thorities. 

In  many  manufactories  the  iron  plates  before  tinning 
are  cleansed  by  being  immersed  in  large  barrels  full  of  a 
mixture  of  r)'e-flour  and  water,  sometimes  with  verjuice 
by  which  fermentation  has  become  very  acid.  In  Bohe¬ 
mia  Uie  plates  remain  three  times  twenty-four  hours  in 
tubs  filled  with  this  acescent  mixture,  in  three  different 
states,  after  which  they  are  washed,  scoured  wdth  sand  and 
water,  and  kept  under  w^ater  till  just  before  they  are  used, 
to  avoid  rusting  again. 

Attention  is  to  be  paid  to  the  heat  of  the  melted  tin ;  if 
too  hot  the  plate  comes  out  yellows  The  plates  are  im¬ 
mersed  quite  wet  into  the  melted  tin,  passing  in  their  way 
through  the  melted  suet  which  covers  it.  Just  before 
dipping,  some  water  is  thrown  on  the  melted  suet,  which 
causes  a  violent  ebullition  and  makes  the  surface  of  the 
metal  quite  clean  and  bright.  The  plates  when  tinned 
are  set  up  to  drain,  by  which  a  number  of  drops  of  tin 
collect  in  small  knobs  at  the  lower  part.  These  are  taken 
off  by  a  second  immersion  into  a  separate  cauldron  of  tin, 
but  only  to  the  depth  of  a  few  inches,  by  which  the  drops 
of  tin  melt  down  and  the  whole  tinning  is  made  more  uni¬ 
form  in  thickness.  They  are  then  cleansed  with  a  rag 
and  saw-dust  ^r  bran.  About  19  1-2  pounds  of  tin  are 
required  for  300  plates,  measuring  1  foot  by  9  inches. 

The  manufacture  of  tin-plate  in  France  appears  to  be 
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conducted  so  nearly  in  the  same  manner  as  not  to  require 
a  separate  description. 

In  the  manufactures  of  tin-plate  on  the  continent  a  \ 
quantity  of  copper  is  always  added  to  the  tin,  but  in  very  i 
small  proportion.  The  exact  quantity  is  regulated  by  I 
slight  circumstances,  which  only  experience  can  teach.  1 
It  appears  to  be  in  general  from  one-eightieth  to  one  hun-  1 
dred  and  twentieth  of  the  tin.  The  copper  prevents  the  i 
tin  from  adhering  in  too  great  a  quantity  to  the  iron,  and 
causes  the  superfluous  part  to  drain  off  more  freely.  Too 
much  copper  gives  a  dull  yellow  tint. 

It  appears  that  the  method  of  flattening  the  bar  into 
plate  by  cylinders  is  only  adopted  in  this  country,  but  in 
other  places  is  done  by  the  hammer, 

Ujx)n  this  information,  I  would  make  the  following  re¬ 
marks: 

1st.  Desirable  as  the  manufacture  of  tin-plates  would 
be  in  this  country,  we  liave  as  yet  no  iron  plates,  at  all 
fit  for  the  purpose :  they  are  neither  thin  enough,  or 
smooth  enough,  or  pure  enough. 

2dly.  The  manufacturer  of  tin  plates  in  country', 
must  roll  out  his  own  iron  from  bars  picked  by  himself ; 
or  he  will  not  have  such  as  he  can  depend  upon. 

3dly.  The  rollers  must  be  of  the  very  best*  quality  ; 
otherwise  they  will  not  give  the  requisite  thinness  and 
smoothness  to  the  iron  plate.  While  the  plate  is  rolled  the 
roller^  should  be  greased. 

There  is  at  this  moment  tin  enough  in  the  United 
States  to  supply  more  than  a  twelve  months’  consump¬ 
tion  ;  but  on  the  calculations  I  have  made,  no  person  can 
commence  the  manufacture  of  tin  plates  prudently,  under 
a  capital  of  10  or  rather  12,0C0  dollars.  He  must  find 
his  own  water  or  steam  engine  power  ;  he  must  find  em¬ 
ployment  for  his  surplus  power,  when  he  is  not  rolling 
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iron  plates.  He  cannot  depend  on  the  iron  plates  manu¬ 
factured  in  diis  countT)",  nor  indeed  on  any  that  are  not 
manufactured  under  his  own  eye.  I  make  these  remarks 
because  I  do  not  know  a  more  tempting  speculation  than 
the  manufacture  of  tinned  iron  plates  in  this  country ;  nor 
any,  where  a  person  who  does  not  sit  down  to  calculate 
carefully  all  the  requisites  of  such  a  manufacture  herej 
may  be  more  easily  deceived. 

Making  of  tinfoiL  The  tin  is  melted, into  ingots,  and 
then  hammered  on  a  smooth  iron  plate.  I  do  not  know 
whether  rolling  has  been  tried.  All  the  tin  foil  I  have 
seen,  appears  to  contain  an  admixture  of  lead.  Tin  foil 
is  used  for  silvering  looking  glasses,  and  for  coating  elec¬ 
trical  jars.  In  the  latter  case  it  is  merely  fastened  on  the 
glass  with  paste.  But  M.  Sagers  paper  which  I  am 
about  to  give,  will  furnish  information  on  tliis  subject. 

To  coat  looking  glasses  with  Tinfoil  and  Mercury  ;  com- 
monly  called  the  Silvering  of  looking  glasses. 

In  order  to  go  completely  forward,  you  must  be  pre¬ 
pared  with  the  following  articles,  viz. 

First,  A  square  marble  slab,  or  smooth  stone,  well  po¬ 
lished,  and  ground  exceedingly  true,  the  larger  the  better, 
with  a  frame  round  it,  or  a  groove  cut  in  its  edges,  to 
keep  the  superfluous  mercury  from  running  off.  Se¬ 
condly,  Lead  weights  covered  with  cloth,  to  keep  them 
from  scratching  the  glass,  from  one  pound  weight  to 
tw’elve  pounds  each,  according  to  the  size  of  the  glass 
which  is  laid  down.  Thirdly,  Rolls  of  tinfoil.  Fourth¬ 
ly,  Mercury  or  quicksilver,  witli  w^hich  you  must  be  well 
provided  ;  then  proceed  as  follows. 

Cut  the  tinfoil  a  little  larger  than  the  glass  every  way, 
and  la}^  it  flat  upon  the  stone,  aiid  \vith  a  straight  piece  of 
hard  wood,  about  three  inches  long,  stroke  it  every  way, 
VoT  .  III.  5  B 


388 


Tin. 


that  tliere  be  no  creases  or  wrinkles  in  it,  then  drop  a  little 
mercury  upon  it,  and  with  a  piece  of  cotton,  wool,  or 
hair’s  foot,  spread  it  all  over  the  foil,  so  that  every  part  may 
be  touched  with  the  mercury.  Then  keeping  the  marble 
slab  nearly  level  with  the  horizon,  pour  on  the  mercury 
all  over  the  foil,  cover  it  with  a  fine  paper,  and  lay  two 
weights  very  near  its  lowest  end  or  side,  to  keep  the  glass 
steady,  while  you  draw  die  paper  from  between  the  silver¬ 
ed  foil  and  die  glass,  which  must  be  laid  upon  die  paper. 
As  you  draw  the  paper,  you  must  take  care  that  no  air 
bubbles  be  left,  for  they  will  always  appear  if  left  in  at 
the  first ;  you  must  likewise  be  sure  to  make  the  glass  as 
clean  as  possible  on  the  side  intended  to  be  silvered,  and 
have  the  paper  also  quite  clean,  otherwise,  when  you  have 
drawn  die  pajier  from  under  it,  dull  w  hite  streaks  will  ap¬ 
pear,  which  are  very  disagreeable. 

After  the  paper  is  drawn  out,  place  as  many  weights 
upon  the  glass  as  you  conveniently  can,  in  order  to  press 
out  die  superfluous  mercury,  and  make  the  foil  adhere  to 
die  glass.  When  it  has  lain  six  or  seven  hours  in  this 
situation,  raise  the  stone  about  two  or  three  inches  at  its 
highest  end,  that  as  ifiucli  of  the  mercury  may  run  off  as 
possible  ;  let  it  remain  two  days  before  you  venture  to 
take  it  up  ;  but  before  you  take  the  weights  off,  gently 
brush  the  edges  of  the  glass,  that  no  mercury  may  adhere  • 
to  them ;  then  take  it  up,  and  turn  it  directly  over,  w  ith 
its  face  side  downward,  but  raise  it  by  degrees,  that  die 
mercury  may  not  drip  off  too  suddenly  ;  for  if,  when 
taken  up,  it  is  immediately  set  perpendicular,  air  will  get 
ill  between  the  foil  and  the  glass  at  the  top,  as  the  mercury 
descends  to  the  bottom ;  by  which  means,  if  you  be  not 
exceedingly  careful,  your  labour  will  be  lost. 

Another  method,  is  to  slide  the  glass  over  the  foil, 
without  the  assistance  of  paper. 
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TV  Silver  Glass  Globes* 

Take  half  an  ounce  of  clean  lead,  and  melt  it  with  an 
equal  weight  of  pure  tin  ;  then  immediately  add  half  an 
ounce  of  bismuth,  and  carefully  skim  off  the  dross ;  re¬ 
move  the  mixture  from  the  fire,  and  before  it  grows  cold, 
add  five  ounces  of  mercury,  and  stir  the  whole  well  to¬ 
gether  ;  then  put  the  fluid  amalgam  into  a  clean  glass, 
and  it  is  fit  for  use.  * 

When  this  amalgam  is  used  for  foiling  or  silvering,  let 
it  first  be  strained  through  a  linen  rag ;  then  gently  pour 
some  ounces  thereof  into  the  globe  intended  to  be  foiled ; 
the  mixture  should  be  poured  into  the  globe,  by  means 
of  a  glass  or  paper  funnel,  reaching  almost  to  the  bottom 
of  the  globe,  to  prevent  its  splashing  to  the  sides ;  the 
globe  should  then  be  dexterously  inclined  every  way, 
tjiough  very  slowly,  in  order  to  fasten  thp  silvering ;  when 
this  is  once  done,  let  the  globe  rest  some  hours ;  repeat 
the  operation,  till  at  ler^gth  the  fluid  mass  is  spread  even, 
and  fixed  over  the  whole  internal  surface  ;  as  it  may  be 
known  to  be,  by  viewing  the  globe  against  the  light ;  the 
superfluous  amalgam  may  then  be  poured  out,  and  the 
outside  of  the  globe  cleared. 

To  Silver  the  Convex  side  of  Meniscus  Glasses  for 

Mirrors. 

Take  an  earthen  plate,  on  which  pour  some  prepared 
plaster  of  Paris,  mixed  with  water,  of  a  proper  consis¬ 
tence  ;  then  immediately,  before  it  grows  too  stiff,  lay  the 
meniscus  with  its  convex  side  downward,  in  the  middle 
of  the  plate,  and  press  it  until  it  lies  quite  close  to  the 
plaster ;  in  which  situation  let  it  remain  until  the  plaster 
^becomes  quite  dr}^ ;  after  which,  work  a  groove  with 
your  finger,  round  the  outside  of  the  meniscus,  in  order 
to  let  the  superfluous  mercury  rest  upon  it :  then  cut  the 
tinfoil  to  a  proper  size,  and  press  it  with  tlie  meniscus  into 


390 


Tm. 

the  plaster  mould,  in  order  to  make  it  lie  close ;  after 
which,  cover  it  with  the  mercury,  and,  without  a  paper, 
(as  directed  for  silvering  plain  mirrors),  slide  it  over  the 
silvered  foil ;  then  place  a  weight  on  it,  and  let  it  stand 
two  or  thi^  days,  raising  it  by  degrees,  that  the  mercurj^ 
may  drip  off  gradually. 

After  this  method  common  window  glass,  &c.  may  be 
silvered.  [2  Jamison* s  Elements^  383/ 

Observations  on  the  polishing  of  Glass^  and  on  the  AmaU 

gam  used for  silvering  Mirror $•  By  B.  G.  Sage*. 

Having  been  consulted  in  regard  to  the  bad  effects  of 
some  calces  or  red  oxyds  of  iron,  which  alter  the  surface 
of  glass  by  rendering  it  dull  and  yellowish,  I  analysed 
these  calces  of  iron,  and  found  out  the  cause  on  which 
this  defect  depends.  Red  calx  or  oxyd  of  iron,  called 
colcothar^  is  employed  with  water  for  giving  the  last  po¬ 
lish  to  glass  intended  for  mirrors. 

Were  not  the  oxyd  or  calx  of  tin,  commonly  known 
by  the  name  of  putty y  so  dear,  it  would  be  far  preferable 
to  red  calx  or  oxyd  of  iron,  obtained  by  the  decomposi¬ 
tion  of  martial  vitriol,  either  by  calcining  it  in  a  fire  pro¬ 
per  for  disengaging  the  acid  or  decomposing  the  sulphat 
of  iron  by  marine  salt.  In  the  latter  case,  the  red  oxyd 
or  calx  of  iron  retains  a  little  of  that  salt,  which  is  of  no 
hurt  in  the  polishing  of  glass  :  .  but  the  case  is  not  the 
same  if  the  colcothar  or  red  oxyd  of  iron  retains  martial 
vitriol.  This  salt,  when  dissolved  in  water,  is  decom¬ 
posed,  and  the  yellow  ochre  which  results  from  it 
penetrates  the  glass,  forms  a  crust  on  it,  and  renders 
it  greasy,  dull,  and  yellowish ;  a  tint  which  is  communi¬ 
cated  to  the  image  of  the  object  presented  to  tlie  mirror. 

Glass  when  smoothed  and  polished  dots  not  acquire 
the  property  of  reflecting  objects  till  it  has  been  silvered 

•  I  ^ 

•  From  the  Journal  dc  Physique^  Thermidor,  on  12. 
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(as  it  is  called),  an  operation  effected  by  means  of  an  a- 
malgam.  The  tin  leaf  employed  must  be  of  the  size  of 
the  glass,  because,  when  pieces  of  that  metal  are  united 
by  means  of  mercury,  they  exhibit  the  appearance  of 
lines.  Tin  is  one  of  tliose  metallic  substances  which  be¬ 
come  soonest  oxydated  by  the  means  of  mercury.  If  there 
remains  a  p)ortion  of  that  calx,  of  a  blackish  gray  colour, 
on  the  leaf  of  tin,  it  produces  a  spot  or  stain  in  the  mir¬ 
ror,  and  the  part  where  it  is  cannot  reflect  objects  pre¬ 
sented  to  it :  great  care,  therefore,  is  taken  in  silvering 
glass  to  remove  the  calx  of  tin  from  the  surface  of  the 
amalgam. 

The  process  is  as  follows : — The  leaf  of  tin  is  laid  on 
a  very  smooth  stone  table,  and  mercury  being  poured 
over  the  metal,  it  is  extended  over  the  surface  of  it  by 
means  of  a  rubber  made  of  bits  of  cloth.  At  the  same 
moment  the  surface  of  the  leaf  of  tin  becomes  covered 
with  blackish  oxyd,  which  is  removed  with  the  rubber. 
More  mercury  is  then  poured  over  the  tin,  where  it  re- 
mains  at  a  level  to  the  thickness  of  more  than  a  line, 
without  running  off.  The  glass  is  applied  in  a  horizon¬ 
tal  direction  to  the  table  at  one  of  its  extremities,  and 
being  pushed  forwards  it  drives  before  it  the  oxyd  of 
tin  w’hich  is  at  the  surface  of  the  amalgam.  A  number 
of  weights  are  then  placed  on  the  glass  w  hich  floats  on 
the  amalgam,  in  order  to  press  it  down.  Without  this 
precaution  the  glass  would  exhibit  the  interstices  of  the 
crj^stals  resulting  from  the  amalgam.  These  crystals  have 
the  form  of  large  square  laminae  irregularly  disposed. 

To  obtain  leaves  of  tin,  which  are  sometimes  six  or 
seven  feet  in  length,  with  a  proportionate  breadth,  they 
are  not  rolled  but  hammered.  The  prepared  tin  is  first 
cast  between  two  plates  of  polished  iron,  or  between  two 
smooth  stones  not  of  a  porous  nature,  such  as  thunder 
stone,  T w’elve  of  these  plates  arc  placed  over  each  other ; 


392 


Tin. 


and  they  are  then  beat  on  a  stone  mass  with  heavy  ham- 
mers,  one  side  of  which  is  plain  and  the  other  rounded. 
.The  plaies  joined  together  are  first  beaten  with  the  latter  : 
when  they  become  extended  the  number  of  the  plates  is 
doubled,  so  that  they  amount  sometimes  to  eighty  or 
more.  They  are  then  smoothed  with  the  flat  side  of  the 
hammer,  and  are  beat  till  they  acquire  the  length  of  six 
or  seven  feet,  and  the  breadth  of  four  or  five.  The  small 
block  of  tin  from  which  they  are  formed  is  at  first  ten 
inches  long,  six  in  breadth,  and  a  line  and  a  quarter  in 
thickness. 

When  tlie  leaves  arc  of  less  extent,  and  thin,  from  eigh¬ 
ty  to  a  hundred  of  them  are  smoothed  together. 

Tin  extracted  from  the  amalgam  which  has  been  em¬ 
ployed  for  silvering  glass,  exhibits  a  remarkable  peculia¬ 
rity.  When  fused  in  an  iron  pan,  its  whole  surface  be- 
comes  covered  ^vith  a  multitude  of  tetracdral  prismatic 
crystals  two  or  three  lines  in  length  and  a  quarter  of  a 
line  in  thickness.  The  interior  of  these  pieces  of  tin, 

.  when  cut  with  a  chisel,  have  a  grayer  tint  than  pure  tin, 
which  is  as  white  as  silver.  The  latter  cry  stallizes  also 
by  cooling ;  but  it  requires  care.  When  it  begins  to  be 
fixed,  decant  tlie  part  which  is  still  in  fusion,  and  there 
will  remain  at  the  bottom  of  the  crucible  beautiful  crystals 
of  a  dull  white  colour,  \yhich  appeared  to  me  to  be  cubes 
or  parallelopipedons. 

The  peculiar  and  constant  crystallization  of  tin  taken 
from  the  amalgam  of  mirrors,  tlie  leaden  gray  colour 
which  the  mass  of  this  metal  had,  and  the  mystery  made 
of  the  preparation  of  this  tin,  iiiduced  me  to  try  whether 
I  could  not  discover  by  analysis  the  substance  mixed 
with  it. 

Having  calcined  this  tin  in  a  test,  it  was  reduced  to  a 
•  powder  of  a  delicate  red  colour,  and  increased  in  its  weight 
1.25th.  The  magnet  attracted  particles  of  iron,  the  re- 
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stilt  of  the  hammeriug.  It  appears  thAt  this  metal  con¬ 
curs  to  produce  the  crystallization  of  the  tin,  and  the  sin¬ 
gularity  exhibited  by  the  solution  of  its  oxyd  in  nitric 
acid.  At  first,  nothing  is  manifested  but  a  slight  efifer- 
vesccnce,  which  soon  subsides;  but  four  or  five  minutes 
after,  the  mixtures  become  very  hot,  and  a  stronger  efier- 
vcscence  takes  place,  accompanied  with  a  great  deal  of 
nitrous  gas,  which  is  disaigaged  with  an  explosion,  and 
there  remains  in  the  glass  a  magma  of  a  pale  red  colour. 

The  white  oxyd  of  tin,  mixed  also  with  nitric  acid  at 
32®,  exhibits  neither  efierv^escence  nor  disengagement  of 
nitrous  gas. 

I  fused  this  reddish  calx  of  tin  with  three  parts  of  black 
flux  and  a  little  charcoal  powder,  and  extracted  from  it 
18  pounds  of  tin  per  quintal.  I'his  metal  was  brittle,  a 
property  arising  from  the  lead,  which  contributes  also  to 
attenuate  the  colour  of  the  tin.  If  the  lead  is  found  there 
in  larger  quantity,  it  is  because  there  are  four-fiftlis  oi  tin 
absorbed  by  the  alkaline  flux. 

To  determine  the  quantity  of  lead  contained  in  the  tin 
extracted  from  the  amalgam  of  mirrors,  I  decomposed  a 
hundred  parts  of  it  by  four  hundred  parts  of  nitric  acid 
at  32®.  A  great  deal  of  nitrous  gas  was  disengaged,  and 
there  remained  at  the  bottom  of  the  matrass  a  white  mag¬ 
ma.  I  washed  it  with  distilled  water,  and  evaporated  the 
ley,  which  produced  a  twenty-fifth  of  nitrous  ammoniacal 
salt  mixed  with  nitrate  of  lead,  w  hich  predominates,  and 
^  forms  nearly  two-thirds  of  the  saline  residuum ;  a  propor- 

^  tion  which  would  indicate  that  the  tin  employed  fgr  sil- 

vering  mirrors  contains  three  pounds  of  lead  per  quintal. 
^  I  now  return  to  the  mercury  extracted  by  distillation 
from  tliis  amalgam.  It  volatilizes  a  portion  of  tin,  which 
^  remains  there  so  intimately  combined  that  it  cannot  be 
separated  by  a  second  distillation  of  the  mercury.  I  w’as 
able  to  disengage  from  it  the  tin  by  shaking  the  mercury 


with  nitiic  acid,  ^vliich  attacks  and  oxydates  tlie  tin.  I 
washed  the  mercury  and  strained  it  through  a  piece  of 
linen.  In  this  state  it  may  be  employed  for  gilding,  but 
when  it  contains  the  smallest  quantity  of  tin  it  stains  the 
articles. . 

What  I  liave  related  in  this  memoir  shows  that  red 
oxyd  of  iron,  known  under  the  name  of  colcothar,  is  not 
proper  for  polishing  glass  when  it  contains  vitriol ;  that 
the  tin  employed  for  silvering  mirrors  contains  lead  and 
iron  ;  that  w^hen  this  tin  is  separated  from  the  mercury  by 
distillation  this  metal  crystallizes  with  the  greatest  facili¬ 
ty  and  without  any  precaution ;  and,  in  the  last  place,  it 
is  shown  that  a  portion  of  tin  is  volatilized  by  the  mercu¬ 
ry  during  the  distillation  of  the  amalgam,  and  that  it  can¬ 
not  be  separated  but  by  the  nitric  acid. 

[22  Phil.  Mag.  IIS'; 

To  whiten  Copper^  BrasSy  or  Iron  Wire. 

Pins  are  whitened  thus.  Tin  is  reduced  into  a  kind 
of  powder,  by  first  melting  it,  and  pouring  it  out  into  an 
iron  mortar,  bruise  it  fine  just  at  the  moment  as  it  is  set, 
and  while  still  hot— or  take  grain  tin,  and  granulate  it  by 
pouring  it  through  a  birch  broom  into  water.  The  tin 
thus  granulated,  is  put  into  a  boiler  with  the  brass  or  cop¬ 
per  wire  to  be  whitened,  and  boiled  with  alum  and  crude 
tartar,  or  argol.  I  do  not' know  the  exact  proportions, 
but  in  this  manner^ the  wire  is  penetrated  by  the  tin.  One 
part  tartar,  two  parts  by  weight  alum,  and  as  much  com¬ 
mon  salt,  will  succeed.  T.  C. 

It  is  not  necessary  to  employ  this  mixture  of  salts  for 
the  mere  tinning  of  copper  or  brass.  Eidier  of  these  three 
salts  singly  with  tin  filings  will  answ’er  the  purpose,  but 
cream  of  tartar  gives  a  duller  and  more  leaden-  looking 
tinning,  and  alum  on  the  other  hand  gives  a  very  fine  sib 
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vcr  white  but  without  gloss,  so  that  the  mixture  above 
mentioned  is  found  to  produce  the  most  desirable  hue. 

In  a  chemical  point  of  view  this  operation  is  curious, 
and  appears  to  present  a  contradiction  to  the  usual  laws 
of  affinity,  for  when  tin  is  immersed  in  a  common  solu- 
tion  of  copper,  it  precipitates  most  of  the  copper  in  the 
metallic  state. 

The  circumstances  requisite  to  produce  a  precipitate 
of  metallic  tin  on  copper,  have  been  examined  in  an  able 
set  of  experiments  by  Professor  Gadolin,  a  Swedish  che¬ 
mist,  an  account  of  which  is  inserted  in  the  Stockholm 
Transactions  for  1788,  to  which  are  added  some  other 
experiments  and  remarks  by  Baron  de  Gedda.  It  is  to 
be  observed,  that  the  circumstances  relating  to  the  oxy¬ 
genation  of  metals  in  their  solutions  in  acids  were  very  in¬ 
completely  known  at  that  time,  so  that  we  may  now  ac¬ 
count  for  phenomena  which  must  have  been  inexplicable 
at  that  period.  The  facts  however  cannot  vary,  and  are 
aln  ays  valuable.  This  chemist  chiefly  confined  himself 
to  the  action  of  a  single  salt,  namely  tartar,  or  its  acid. 
We  shall  select  and  give  in  a  few  words  some  of  the  ex¬ 
periments. 

1.  Tartriteof  potash  was  added  to  nitromuriat  of  tin, 
which  caused  a  white  precipitate  of  tartrite  of  tin,  which 
was  edulcorated  and  dried.  Some  of  this  precipitate  was 
boiled  with  water,  and  copper  was  immersed,  but  the 
copper  was  in  no  degree  altered. 

2.  Some  of  the  above  tartrite  of  tin  was  acidulated  with 
tartareous  acid  and  copper  was  boiled  in  it,  but  witli  no 
effect. 

3.  Some  of  the  same  tartrite  of  tin  was  treated  as  in  the 
last  experiment,  but  with  the  addition  of  some  leaf- tin  and 
the  copper  was  now  completely  tinned. 

4.  The  last  experiment  was  repeated,  but  without  an 

excess  of  acid,  and  no  effect  was  produced  on  the  copper. 
VoL.  III.  3  C 
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5.  Cream  of  tartar,  tin  filings,  and  a  piece  of  copper, 
were  boiled  together,  and  the  copper  was  completely  tin- 
ned. 

These  experiments  shew  that  in  order  to  precipitate 
tin  upon  copper  by  means  of  tartar,  it  is  necessary,  both 
that  some  metallic  tin  should  be  present  in  the  solution, 
and  that  the  solution  should  contain  an  excess  of  acid. 

6.  Some  oxyd  of  copper  arising  from  the  decomposi¬ 
tion  of  blue  vitriol  by  an  alkali,  was  first  boiled  in  a  solu¬ 
tion  of  cream  of  tartar,  after  which  both  tin-leaf  and  cop- 
per  were  introduced,  and  the  whole  boiled  together  for 
three  hours.  Both  the  copper  and  tin  were  covered  with 
a  crust  of  blackish  metallic  alloy. 

7.  Some  copper  was  tinned  by  boiling  with  tin  and  a 
solution  of  tartar.  The  liquor  after  the  copper  was  with¬ 
drawn  was  not  changed  to  blue  by  volatile  alkali,  and 
hence  was  inferred  to  contain  no  copper,  though  when  ex¬ 
posed  to  the  light  some  faint  blue  streaks  were  observa¬ 
ble. 

8.  The  same  experiment  was  repeated  with  tartar, 
alum,  and  salt,  (the  usual  mode  of  tinning)  and  no  indica¬ 
tions  of  copper  were  furnished  by  the  volatile  alkali. 

9.  Copper  was  tinned  with  each  of  the  above  three 
salts  singly,  and  in  neitl^er  instance  did  the  volatile  alkali 
give  any  indications  of  dissolved  copper  in  the  liquor.. 

10.  Tin- leaf  was  boiled  for  an  hour  with  a  solution  of 
cream  of  tartar.  The  tin  was  then  withdrawn  and  a  bar 
of  iron  introduced,  and  the  boiling  continued.  The  iron 
was  soon  blackened  at  its  surface,  and  after  three  quarters 
of  an  hour,  was  covered  with  a  mixture  of  reduced  metal¬ 
lic  tin  and  oxyd  of  tin,  and  the  iron  had  lost  weight  in 
the  process. 

Hence  as  iron  was  found  to  precipitate  tin  in  a  metallic 
*  state  from  its  solution,  it  was  conjectured  that  iron  added 
to  a  solution  of  tin,  in  which  copper  was  immersed,  might 


Tin. 


397 

determine  the  tinning  of  the  copper.  The  experiment 
however  succeeded  but  imperfectly  when  tartar  was  used, 
owing  to  the  languor  of  its  action  on  iron,  and  even  when 
a  few  drops  of  sulphuric  acid  were  added,  the  tin  was 
precipitated  solely  on  the  iron,  whilst  the  surface  of  the 
copper  remained  unaltered,  but  with  aluni  it  was  differ- 
ent. 

11.  Some  tin-leaf  was' boiled  with  a  solution  of  alum 
for  half  an  hour  and  then  withdrawn.  Into  the  solution 
were  then  introduced  a  piece  of  polished  copper,  and 
some  iron  filings.  The  latter  were  acted  on  with  much 
rapidity,  and  in  a  few  minutes  the  copper  was  covered 
with  a  pellicle  of  tin,  which  in  half  an  hour  gave  it  the 
appearance  of  line  silver  unpolished. 

12.  Tin-leaf  and  a  solution  of  alum  were  boiled  to¬ 
gether.  The  tin  was  then  taken  out,  and  into  the  solu¬ 
tion  both  iron  and  copper  were  introduced,  each  polished. 
After  a  few  minutes  boiling  both  these  metals  were  high¬ 
ly  tinned. 

13.  Some  sulphat  of  copper  was  dissolved  in  water, 
tin-leaf  was  added,  and  the  mixture  was  exposed  to  a 
moderate  heat  for  some  days  in  a  well  closed  phial.  In 
a  few  days  the  colour  of  the  solution  entirely  disappeared, 
and  the  copper  precipitated  to  the  bottom  of  the  vessel. 
The  clear  supernatant  fluid  was  distributed  into  three 
phials,  into  the  first  of  which  was  put  copper  and  tin  ;  in¬ 
to  the  second,  copper  and  iron ;  and  into  the  tliird,  cop¬ 
per  alone.  They  were  well  corked,  and  after  digestion 
in  moderate  heat  for  some  hours  the  copper  in  the  first 
phial,  and  the  copper  and  iron  in  the  second  were  well 
tinned,  but  the  copper  iifthe  third  remained  unaltered. 

’  From  the  above  experiments  we  may  clearly  make  out 
'  that  the  state  of  the  solution  of  tin,  when  it  is  disposed  to 
precipitate  in  a  metallic  form  on  the  surface  of  copper 


immersed  in  it,  is  that  of  the  lowest  degree  of  oxydation, 

'  which  is  obtained  either  by  keeping  some  undissolved  tin 
in  the  solution  or  (Exp.  10  and  11)  by  introducing  iron. 
The  great  difficulty  which  occurred  to  the  author  of  these 
experiments  was  to  account  for  the  precipitation  of  the  tin 
when  there  did 'not  appear  to  be  any  copper  dissolved  du¬ 
ring  the  process,  for  in  all  other  metallic  precipitations  (as 
that  of  copper  on. iron  for  example)  the  separation  of  one 
metal  from  the  solution  is  attended  with  the  solution  of  a 
corresponding  quantity  of  the  otlicr  metal. 

The  difficulty  is  increased  too  by  the  fact  that  when 
tin  is  immersed  in  a  solution  of  copper  the  copper  is  pre¬ 
cipitated,  and  a  portion  of  the  tin  is  dissolved,  so  that  the 
direct  affinity  of  acids  for  tin  is  greater  than  for  copper. 

The  hypothesis  given  by  Professor  Gadolin  to  explain 
this  is  highly  ingenious.  He  observes  that  as  a  very  strong 
affinity  exists  between  tin  and  copper,  this  affinity  ope- 
rates  on  the  metallic  part  of  the  solution  of  the  tin  imme* 
diately  in  contact  with  the  copper,  and  causes  its  separa¬ 
tion  in  the  metallic  form,  whilst  the  remainder,  of  the.  tin, 
which  is  the  greatest  portion,  undergoes  a  greater  degree 
of  calcination  (i.  e.  oxygenation)  and  hence  too  the  solu¬ 
tion  after  its  utmost  action  on  copj^r  still  retains  a  quan¬ 
tity  of  tin.  In  other  words,  the  dissolved  tin  divides  itself 
into  two  portions,  one  of  which  returns  to  the  metallic 
state,  and  adheres  to  the  copper,  whilst  the  w  hole  of  the 
oxygen  condenses  in  the  other  portion,  which  remains 
dissolved. 

To  shew  that  a  corresponding  solution  of  the  precipi¬ 
tant  (i.  e.  the  copper)  is  not  necessary  to  the  separation  of 
the  precipitate^  M.  Gadolin  boij^d  some  fine  gold  with 
tin  and  tartar,  and  after  a  short  time  the  gold  was  com¬ 
pletely  covered  with  a  coating  of  reduced  tin,  and  it  can¬ 
not  be  supposed  that  any  of  the  gold  should  have  been  dis¬ 
solved  by  the  tartar.  'I'his  cxperim$*it  would  have  been 


more  complete  if  the  tin  had  been  again  separated  from 
the  gold  by.  muriatic  acid,  and  the  gold  had  been  wcigh- 
ctl  before  and  after  the  operation,  but  if  this  statement  is 
accurate  (which  there  is  no  apparent  reason  to  doubt)  it  is 
a  curious  fact,  and  one  for  which  in  addition  to  M.  Gado- 
tin’s  explanation,  we  must  probably  refer  to  the  late  dis¬ 
covered  experiments  in  Galvanism.  'J  his  is  confirmed 
by  the  circumstance  that  in  every  one  of  the  experiments 
on  tinning  above  related,  the  presence  of  two  dissimilar 
metals  in  the  reguline  state  is  required,  so  that  the  mo¬ 
ment  the  metallic  tin  is  withdrawn  from  the  tiirtareous 
solution  the  precipitation  of  tin  upon  copper  ceases, 
though  we  can  hardly  suppose  that  any  immediate  change 
in  the  state  of  oxygenation  of  the  solution  takes  place. 

With  respect  to  the  circumstance  of  no  cop[xr  Ixing 
found  in  the  solution  of  tartar  after  common  tinning,  we 
may  observe  however  that  the  failure  of  the  usual  test  of 
tlie  volatile  alkali  is  no  certain  proof  of  the  absence  of  this 
metal  in  this  instance,  as  the  later  discoveries  of  Proust 
on  this  subject  (which  are  detailed  under  the  article  Cop¬ 
per J  shew  that  when  copper  is  in  solution  with  tin  in  a 
low  state  of  oxydation,  it  is  so  far  deprived  of  oxygen  by 
the  tin,  as  not  to  turn  blue  with  ammonia. 

The  experiments  in  which  iron,  copper,  and  tin  were 
immersed  into  a  solution  oP  tin,  are  complicated,  and  the 
exact  operation  of  all  the  affinities  between  the  respective 
substances  is  not  easily  made  out.  The  order  of  preci¬ 
pitation  with  a  single  metal,  and  a  single  metallic  solution, 
is  copper,  tin,  iron  ;  that  is  to  say,  iron  immersed  into  a 
solution  of  tin  displaces  the  tin,  and  precipitates  it  most¬ 
ly  in  the  metallic  form  ;  and  tin  immersed  into  a  solu¬ 
tion  of  cop|x*r  precipitates  the  latter  metal.  But  in  the 
above  complicated  case  both  the  iron  and  copper  be¬ 
come  tinned,  so  that  die  tinning  of  the  iron  may  be  ef¬ 
fected  by  simple  and  direct  affinity,  but  that  of  the  cop- 
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per  requires  a  complicated  action,  to  which  probably  the 
metallic  tin  present  contributes.  [2  Aikiriy  427. 

It  has  been  proposed  to  whiten  copper,  brass,  and  iron, 
in  this  manner  by  means  of  silver,  or  of  zinc  ;  but  I  do 
not  know  of  any  decisive  experiment  to  this  purpose. 
The  proposal  is  at  least  very  plausible. 

.  Aurum  Musxoum  or  Mosaicum.  See  61  Phil.  Trans. 
114.  13  Ann  de  Chimie,  280. 

I  copy  the  following  account  of  this  substance  from 
Aikin,  to  which,  at  the  expence  of  some  tautalogy,  I 
shall  add  my  own  notes. 

“  A  beautiful  golden-coloured  species  of  sulphuret  of 
tin  has  long  been  known  in  the  arts,  under  the  name  of 
Aurum  Musivum  ox  Mosaicwriy  (Mosaic  Gold).  It  is 
in  die  form  of  a  scaly  mass,  sometimes  cry  stallized  in 
six-sided  plates,  very  soft  and  glossy  to  the  touch,  readi-  . 
ly  rubbed  down  between  the  fingers,  and  when  the  colour  I 
is  brought  out  by  a  little  friction,  having  a  fine  golden  J 
metallic  lustre.  It  is  still  prepared  in  pretty  large  quan- 
titles  by  some  artists,  and  is  supposed  to  be  used  princi- 
pally  in  artificial  bronzing  and  other  ornamental  purposes.  i 
It  was  formerly  employed  in  medicine.  A  great  num¬ 
ber  of  receipts  have  been  given  for  preparing  it,  most  of  * 
which  succeed  nearly  equally  well,  provided  the  same  at¬ 
tention  to  management  of  the  heat,  8s:c.  be  observed.  It  is 
also  interesting  to  experimental  chemistry,  and  its  pro¬ 
perties  have  been  examined  by  several  excellent  chemists, 
among  whom  may  be  enumerated  Mr.  Woolfe,  the 
Marquis  de  Bullion,  and  M.  de  Pelletier.  ^  ^ 

■  The  old  process  for  aurum  musivum,  and  which  is  | 
one  of  the  best,  is  the  following ;  as  contained  in  the  Lon-  j  ^ 
don  Dispensatory. 

Take  12  oz.  of  tin,  7  oz.  of  flowers  of,  sulphur ;  sal  i 
ammoniac  and  quicksilver,  of  each  6  oz»  melt  the  tin  by 
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itself,  add  to  it  the  quicksilver,  apd  when  the  amalgam  b 
cold  reduce  it  to  powder,  and  mix  it  with  the  sulphur  and 
sal  ammoniac,  and  sublime  the  whole  in  a  glass  matrass,  • 
standing  in  a  sand-bath.  Apply  a  gentle  fire  for  soipe 
lime,  3  or  4  hours,,  till  the  white  fumes  which  arise  co- 
piously  at  first,  begin  to  abate,  then  raise  the  fire  till  the 
sand  becomes  red-hot,  and  keep  it  at  this  point,  ncitter 
increasing  nor  diminbhing  it,  for  a  considerable  time,  ac¬ 
cording  to  the  quantity  of  the  materials,  till  you  judge  the 
operation  to  be  completed.  The  matrass  being  broken 
when  cold,  the  mosaic  gold  is  found  at  the  bottom,  and 
above  it  a  sublimed  substance,  the  composition  of  which 
will  be  presently  mentioned. 

The  mosaic  gold  therefore  is  not  a  sublimatey  but  b  a 
fixed  substance,  and  it  cannot  be  raised  by  heat  unchang¬ 
ed.  It  weighs  considerably  more  than  the  tin  employed, 
but  the  actual  product  is  extremely  uncertain.  A  good 
deal  of  care  is  required  in  managing  the  fire,  for  if  too 
slack  none  of  the  mosaic  gold  will  be  formed,  and  if  urg¬ 
ed  beyond  a  moderate  redness  it  is  again  decomposed 
into  a  dark  sulphurct  of  tin,  totally  without  lustre.  The 
proportions  of  the  ingredients  arc  variously  given.  For¬ 
merly  equal  parts  of  all  the  substances  were  employed,  but 
Aey  may  be  reduced  to  the  proportions  here  given  with¬ 
out  diminishing  the  product. 

As  soon  as  the  ingredients  arc  mixed  an  odour  of  sul¬ 
phuretted  hydrogen  is  given  out,  which  increases  rapidly 


as  heat  is  applied ;  and  if  the  process  be  performed  in  a 
j  retort,  with  a  receiver  attached  to  it,  a  quantity  of  hydro- 
^  ‘  sulphuret  of  ammonia  or  volatile  silver  of  sulphur,  comes 
j  over,  which  condenses  in  the  extremity  of  the  receiver, 
^  :  partly  as  a  liquid  and  partly  in  beautiful  crystalline  need- 

\  tes.  The  sublimate  which  is  formed  above  the  aurum 
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musivum,  and  which  is  much  less  volatile  than  the  ani- 
moniacal  hydro-sulphuret,  is  an  extremely  compound 
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substance,  (in  tlic  usual  way  of  preparing  it)  consisting 
chiefly  of  cinnabar,  of  muriated  ammonia,  and  some  mu- 
riat  of  tin,  from  which  by  a  fresh  sublimation  an  addi¬ 
tional  quantity  of  tlie  aurummusivum  maybe  obtained. 
This  latter  appears  to  be  contained  in  the  firs'  sublimate, 
and  indeed  may  often  be  found  interspersed  in  it  in  shin¬ 
ing  hexagonal  plates,  but  as  aurum  musivum  alone  can¬ 
not  be  sublimed,  this  portion  is  supposed  to  be  formed 
by  the  muriat  of  tin  and  sulphur  combining  in  the  act  of 
volatilization. 

The  decompositions  and  changes  that  take  place  in 
the  preparation  of  aurum  musivum  with  mercury,  tin, 
muriat  of  ammonia,  and  sulphur,  are  numerous  and  some¬ 
what  complicated.  Tlie  principal  ones  appear  to  be  the 
following  :  the  mercury  at  first  seems  nearly  passive  in 
the  operation,  and  serves  me  rely  to  divide  the  tin,  and  ren-- 
der  it  easily  reducible  to  powder,  but  when  the  heat  is  in¬ 
creased  the  mercury  volatilizes  and  unites  with  the  sul¬ 
phur  into  cinnabar.  The  tin  is  certainly  first  acted  on  by 
the  sal  ammoniac  dccom{X)sing  the  water  which  it  con¬ 
tains,  the  oxygen  of  which  it  absorbs,  and  the  oxyd  of 
tin  thus  produced  is  immediately  dissolved  by  the  muri¬ 
atic  acid  of  the  sal  ammoniac  forming  a  muriat  of  tin. 
This  process  sets  at  liberty  two  very  volatile  substances, 
viz.  the  hydrogen  of  the  water  decomposed,  and  the  ^m- 
monia  of  the  salt,  both  of  which,  in  volatilizing  carry  up 
a  sufficient  quantity  of  the  sulphur  present  to  constitute 
the  hydro-sulphuret  of  ammonia,  which  flies  oflf  in  white 
fumes  in  tlie  common  way  of  proceeding,  or,  as  already 
mentioned,  may  be  collected  in  a  receiver  joined  to  the 
apparatus. 

The  ingredients  in  the  matrass  are  now  change^  more 
or  less  completely,  to  muriat  of  tin,  mercury,  and  sulphur; 
and  as  the  heat  is  increased  all  the  mercurj'  and  part  of 
the  sulphur  sublime,  and  unite  into  cinnibar ;  the  muriat 
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oP  tin  is  decomposed  by  another  part  of  the  sulphur,  the 
muriatic  acid  is  volatilized,  taking  with  it  a  portion  of  the 
tin,  and  finally  the  remaining  oxyd  of  tin  and  the  rest  of 
the  sulphur,  unite  to  form  the  aurum  musivum  that  re- 
mains  at  the  bottom  of  the  vessel. 

It  is  to  be  observed  that  the  sole  use  of  the  mercury  in 
I  this  mixture  is  to  enable  the  tin  to  be  reduced  to  powder, 

I  so  that  the  mixture  niay  be  simplified  by  omitting  the 
mercury,  provided  the  tin  is  reduced  to  powder,  or  other¬ 
wise  divided.  The  ammonia  of  the  sal-ammoniac  is  also 
entirely  superfluous,  and  even  the  sole  use  of  the  muriatic 
acid  is  to  enable  the  tin  to  oxydate  itself  by  the  decompo- 
I  sition  of  water,  which  it  affects  by  the  resulting  affinity  of 
oxyd  of  tin  for  muriatic  acid.  So  that  in  fact  the  only  ne¬ 
cessary  ingredients  for  aurum  musivum  appear  to  be  oxyd 
of  tin  and  sulphur,  the  latter  in  considerably  larger  pro* 
I  portion  than  it  exists  in  the  black  sulphuret. 

These  observations  will  be  explained  and  illustrated  by 
a  short  abstract  of  a  variety  of  other  processes  given  by 
different  chemists,  by  which  aurum  musivum  may  be 
made. 

The  three  following  are  given  by  Mr.  Woolfe. 

Take  10  oz.  of  black  sulphuret  of  tin,  (formed  by  sa¬ 
turating  melted  tin  with  sulphur)  mix  it  with  4  oz.  of  sul¬ 
phur  and  2  oz.  of  muriatic  acid,  calcine  the  mixture,  and 

heat  the  residue  in  a  matrass  in  the  usual  wav.  This 

•  *  *1 

gives  a  tolerably  good  aurum  musivum. 

2.  Take  4  oz.  of  tin,  saturate  with  sulphur,  powder  it 
well,  and  mix  it  witli  2  oz.  of  sulphur  and  1  oz.  of  crys¬ 
tallized  muriat  of  dn.  Calcine  and  heat  as  in  the  last 
process.  This  gives. 6  1-2  oz.  of  a  very  fine  aurum  mu¬ 
sivum. 

3.  Mix  10  02.  of  black  sulphuret  of  tin  with  16  oz.  cf 
corrosive  mercurial  muriat,  put  it  into  a  retort  with  a  re¬ 
ceiver  adapted  to  it,  and  apply  a  heat  for  six  hours,  at 
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first  with  a  moderate  fire,  and  for  the  last  three  hours  iIk: 
retort  must  be  red-hot. 

In  this  process  the  mercurial  muriat  is  decomposed,  a 
portion  of  the  tin  rises  highly  oxydated,  and  united  to  the 
muriatic  acid  in  the  form  of  the  smoking  muriat ;  another 
portion  remains  behind,  united  with  part  of  the  sulphur 
into  very  beautiful  aurum  musiyum,  whilst  the  oxyd  of 
mercury  unites  with  another  part  of  the  sulphur  into  cin¬ 
nabar. 

The  same  experiment  repeated  by  Pelletier,  with  equal 
parts  of  the  two  ingredients,  gave  the  fuming  muriat  of 
tin,  running  mercury,  and  aurum  musivum. 

Brugnatelli  gives  the  following  receipt. 

4.  Precipitate  a  solution  of  nitrat  of  tin  by  liquid  sul- 
phurct  of  potash ;  dry  the  precipitate,  mix  it  with  half  its 
weight  of  sulphur,  ^d  a,  quarter  of  sal-ammoniac,  and  ‘ 
heat  as  usual. 

The  following  are  some  of  the  interesting  experiments 
of  Belletier  on  this  subject. 

5.  A  solution  of  600  grains  of  tin  was  made  in  muriatic 
acid  ;  to  this  were  added  6C0  grains  of  sulphur,  and  the 
whole  was  evaporated  to  dryness.  It  was  then  reduced 
to  powder  and  heated  in  the  usual  way,  and  gave  a  subli¬ 
mate  of  muriat  of  tin,  mixed  with  a  little  sulphur,  and  the 
residue  at  the  bottom  of  the  vessel  was  very  good  auriim 
musivum. 

6.  Equal  parts. of  tin  filings,  sulphur,  and  sal-ammo¬ 
niac,  were  duly  heated ;  the  volatile  products  were  hydro- 
sulphuret  of  ammonia,  sulphuretted  hydrogen  gas,  sul¬ 
phur,  and  some  sal-ammoniac,  and  veiy'  fine  aurum  musi¬ 
vum  remained. 

7.  Equal  parts  of  black  sulphuret  of  tin  and  muriat  of 
ammonia  were  mixed  and  heated.  The  residue  was  a 
black,  iridescent,  friable,  puffy  mass,  very  different  from 
the  simple  sulphuret,  and  appeared  to  be  oxyd  of  tin. 


not  saturated  with  sulphur ;  and  iii  this  latter  circum¬ 
stance  therefore  differing  from  aurum  musivum.  This 
was  confirmed  by  the  following, 

8.  Equal  parts  of  the  black  sulphuret  of  tin,  of  sal- am¬ 
moniac,  and  of  sulphur,  were  heated  as  above,  and  a 
good  quantity  of  fine  aurum  musivum  was  obtained.  As 
there  was  n>ore  sulphur  than  necessary,  some  sulphuret 
of  ammonia  was  sublimed. 

9.  Equal  parts  of  cinnabar  and  black  sulphuret  of  tin 
heated  together,  gave  running  mercurj^  and  aurum  musi¬ 
vum.  Cinnabar  consists  of  sulphur  and  oxyd  of  mercu- 
r)%  so  that  the  sulphuret  of  tin  in  this  experiment  deprived 
the  cinnabar  both  of  its  oxygen  and  sulphur. 

10.  Equal  parts  of  tin  putty  ( sub-oxyd  of  tin)  and  sul¬ 
phur  gave,  after  much  of  the  excess  of  sulphur  had  sub¬ 
limed  off,  a  black  brittle  mass,  visibly  penetrated  with 
sulphur,  but  no  aurum  musivum. 

11.  Some  tin  putty  was  calcined  witli  nitre,  and  thus 
converted  into  a  white  oxyd.  Of  this,  600  grains  were 
heated  with  400  of  sulphur,  and  the  products  were,  sul¬ 
phur  and  sulphureous  gas,  and  aurum  musivum. 

12.  The  oxyd  of  tin,  precipitated  from  the  muriat  of 
soda,  and  mixed  with  sulphur,  gave  the  same  products  as 
the  last. 

13.  The  oxyd  of  tin  by  nitric  acid,  mixed  with  two- 
thirds  of  its  weight  of  sulphur,  gave  the  same  products  as 
the  last.. 

In  examining  these  experiments  it  appears  that  aurum 
musivum  may  be  made  simply  by  heating  sulphur  and 
oxyd  of  tin,  but  the  three  last  experiments  shew  tliat  it  is 
necessary  for  the  tin  to  be  in  a  state  of  high  oxygenation. 

Nevertheless,  as  in  these  simple  processes  some  of  the 
sulphur  is  converted  into  sulphureous  acid,  for  the  oxy¬ 
gen  of  which  no  other  source  but  the  oxyd  of  tin  appears, 
it  may  be  doubted  whether  the  tin  remains  in  the  highest 
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state  of  oxygenation  in  the  aurum  musivum,  though 
there  can  be  no  doubt  that  it  is  oxydated  to  a  certain  de¬ 
gree. 

We  may  therefore  consider  this  substance  as  a  sulphu¬ 
retted  oxyd  of  tin,  in  which  the  oxyd  is  saturated  with 
as  much  sulphur  as  it  can  retain  at  a  low  red  heat. 

Aurum  musivum  may  be  made  as  well,  and  much  more 
economically,  in  a  crucible  as  in  glass  vessels.  To  make 
1  or  121b.  of  it  requires  about  eight  hours ;  but  for  an 
ounce  or  two  in  small  experiments  about  an  hour  will 
suffice. 

Aurum  musivum,  when  well  prepared,  is  without  taste, 
and  entirely  insoluble  in  water.  The  acids  have  no  effect 
on  it.  When  muriatic  acid  is  boiled  with  it,  some  sul¬ 
phuretted  hydrogen  is  generally  given  out  and  a  little  tin 
dissolved,  but  this  is  owing  to  the  admixture  of  a  portion 
of  sulphuret  of  tin,  for  if  the  residue  is  washed,  no  sub¬ 
sequent  treatment  with  this  acid  produces  any  effect.  It 
is  in  this  resistance  to  the  action  of  muriatic  acid,  that  au¬ 
rum  niusivum  is  particularly  distinguished  from  the  sim¬ 
ple  sulphuret  and  the  more  and  less  oxydated  hydro- sul- 
phurets  of  tin. 

When  aurum  musivum  is  digested  with  a  solution  of 
potash  and  heated,  it  quietly  dissolves  and  forms  a  green 
liquid,  from  which  acids  separate  a  yellow  powder,  which 
is  the  super-oxy dated  hydro- sulphuret,  and  not  regenerat¬ 
ed  aurum  musivum. 

'  If  mosaic  gold  is  heated  strongly  in  a  close  vessel,  (that 
is,  to  as  full  a  red  heat  as  a‘  glass  retort  will  beai )  it  is  en¬ 
tirely  altered  in  its  nature,  a  large  quantity  of  sulphureous 
acid  gas  is  given  out,  some  sulphur  sublimes,  and  the 
residue,  which  is  nearly  five-sixths  of  tlie  whole,  is  a  black 
brilliant  metallic-looking  mass,  w  hich  appears  to  be  chief, 
ly  sulphuret  of  tin.  A  strong  heat  therefore  causes  the 


union  of  part,  if  not  all,  of  the  oxygen  of  the  aurum  musi- 
vum,  with  that  portion  of  the  sulphur  which  flies  off  as 
sulphureous  acid.  [2  Aikin^s  Diet.  430 — 433. 

The  old  process  is  as  follows.  Take  12  ounces  of  tin : 

7  ounces  flour  of  sulphur :  6  ounces  sal-ammoniac :  6 
ounces  mercury.  Melt  the  tin,  add  the  mercury  to  it. 
When  cold,  powder  the  amalgam,  and  triturate  it  accu¬ 
rately  with  the  sulphur  and  sal-ammoniac.  Put  them  in 
a  matrass,  set  it  in  a  sand  bath,  keep  up  a  gentle  fire  for 
four  or  five  hours,  then  encrease  it,  but  not  beyond  the 
degree  necessary  to  sublime  the  volatile  parts,  otherwise 
the  aurum  musivum  will  be  partly  melted  and  spoiled. 
It*  the  fire  be  properly  managed,  these  quantities  will  af¬ 
ford  1  ounce,  4  drams  and  2  scruples  of  volatile  liver  of 
sulphur :  13  ounces,  2  drams  of  sublimed  muriat  of  tin 
and  cinnabar,  and  there  will  remain  at  the  bottom  of  the 
matrass  15  ounces  of  aurum  musivum. 

Woolf  says  that  the  following  proportions  give  17  1-2 
ounces  instead  of  16  ;  viz.  tin  12,  sulphur  7,  sal-ammo¬ 
niac  3,  and  mercury  3. 

Another  reeij^e.  (Woolf.)  Saturate  melted  tin  with 
sulphur,  by  throwing  the  sulphur  in  at  three  or  four  in- 
tervals.  You  may  use  one- third  or  one-fourth  of  sulphur 
by  weight,  but  according  to  Proust,  the  tin  will  not  take 
up  more  than  about  15  per  cent.  Of  this  sulphurated 
t*m,  take  lu  ounces  and  mix  it  with  16  ounces  of  corro- 
sive  sublimate.  You  must  have  a  cover  over  the  vessel 
ill  which  you  triturate  them  together.  Put  the  mixture 
into  a  retort,  or  matrass,  or  large  crucible,  having  another 
inverted  over  it  and  luted,  with  a  hole  in  the  top.  Cal- 
cine  with  a  moderate  fire  for  6  hours,  then  keep  the  re¬ 
tort  red  hot  for  three  hours.  This  produces  aurum  mu¬ 
sivum  of  superior  quality.  Indeed  the  best  sort  seems 
not  to  be  obtained  without  using  mercury  or  some  pre- 


paration  of  mercury;  although  not  a  particle  enters  into 
,the  composition  of  aurum  mosaicum^  which  consists  of 
2-3  tin  and  1-3  sulphur, 

A  good  coloured  aurum  mosaicum  may  be  thus  pro¬ 
duced.  Saturate  8  ounces  of  melted  tin  with  sulphur : 
pound  it :  mix  it  accurately  with  5  ounces  more  of  sul¬ 
phur,  and  4  ounces  of  sal-ammoniac  :  calcine  it  with  the 
precautions  above  mentioned.  (Woolf.) 

The  apparatus  recommended  by  Woolf  is  the  following. 
Take  a  large  black  lead  crucible,  number  60 ;  bore  a 
round  hole  in  its  bottom  about  three  inches  diameter,  and 
saw  off  an  inch  of  its  upper  edge.  If  it  has  a  lip,  get  a 
round  piece  of  bunit  clay  of  an  inch  thick  or  rather  more, 
to  fit  exactly  into  this  edge.  The  composition  used  for 
making  paving  tiles,  answers  very  well  for  this  purpose. 
In  order  to  make  use  of  this  apparatus,  fit  the  round  piece  “ 
of  burnt  clay  to  the  inner  edge  of  the  crucible,  by  means 
of  some  loam  softened  with  glue,  and  dry  it  slowly. 
Then  turn  it  upside  down,  and  lay  it  in  a  proper  furnace 
on  two  iron  bars.  The  mixture  for  the  aurum  mosai¬ 
cum  is  to  be  put  in  through  the  round  hole  at  top,  and 
then  covered  with  an  aludel  (a  wide  pipe  or  tube  open  at 
both  ends)  and  luted.  This  serves  to  collect  the  flours 
and  sublimate  that  rises.  The  fire  is  to  be  made  under 
and  all  round  the  crucible,  lllb.  troy  of  aurum  musivum 
may  be  thus  made  at  a  time.  The  operation,  which 
takes  about  eight  hours,  cannot  fail,  if  the  fire  be  of  suffi¬ 
cient  strength  and  of  an  equal  degree  from  the  top  to  the 
bottom  of  the  crucible. 

Mr.  Woolf  observes,  that  the  sublimed  muriat  of  tin 
produced  in  this  process,  is  very  far  superior  as  a  mor¬ 
dant  to  any  of  the  solutions  used  by  tlie  dyers. 

Mr.  Proust  has  recorded  21  experiments  on  this  sub¬ 
ject  in  the  13th  vol.  of  the  Annales  de  Chymie.  These 
experiments  lead  to  the  conclusion  that  aurum  musivum 
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is  the  calx  or  oxyd  of  tin /intimately  combined  with-  sul¬ 
phur,  in  the  proportion  of  3  parts  of  tin  to  2  of  sulphur. 
Like  Woolf,  Proust  found  the  process  in  w  hich  mercury 
or  some  of  its  combinations  was  employed,  afforded  the 
finest  coloured  aurum  musivum.  Thus  from  subliming 
equal  parts  of  tin  saturated  with  sulphur,  and  of  coirbsive 
sublimate,  he  obtained  from  3  ounces  of  each,  2  1-2  oz. 
of  very  fine  aurum  musivum. 

It  results  from  these  accounts  that  for  the  fihest  aurum 
musivum  one  or  other  of  the  following  processes  are  ex¬ 
pedient. 

Tin  12  parts,  sulphur  7,  sal-ammoniac  3,  mercur)"  3, 
as  indicated  by  Woolf.  Or 

Equal  parts  of  sulphurated  tin  and  corrosive  sublimate, 
ground  together  *  and  sublimed :  though  from  the  mer¬ 
cury  coming  over  in  pai  t  revived,  I  should  almost  sus¬ 
pect,  that  the  corrosive  sublimate  might  be  still  further 
diminished. 

For  common  aurum  musivutn,  take  the  following  pro¬ 
portions,  viz. 

Sulphurated  tin  6  piirts :  sal-amnK)niac  4  parts :  sul¬ 
phur  4  parts. 

The  fire  must  not  be  greater  than  enough  to  sublime 
the  sal-ammoniac :  steady  and  moderate  at  first,  and  then 
heightened  to  a  red  heat,  but  not  a  full  red  heat.  If  the 
heat  should  not  be  enough,  as  may  be  seen  on  opening 
the  crucible,  it  may  be  further  applied.  Aurum  musi¬ 
vum  is  no  longer  used  as  a  medicine,  but  only  as  a  co¬ 
louring  material  in  decorations. 

The  observations  of  Woolf  as  to  the  superiority  of  the 
sublimed  muriat  of  tin  as  a  mordant,  deserves  to  be 
noted;  for  the  dying  of  scarlet  is  becoming  of  conse¬ 
quence  in  this  country.  But  it  requires  to  be  verified  by 
experiment. 
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Aurum  musivuin  is  one  of  the  ingredients  in  making 
the  imitations  of  the  beautiful  stones,  Aranturine  and 
Lapis  Lazuli :  though  I  think  its  place  may  be  supplied 
by  ground  gold  leaf. 

On  the  solution  of  Tin  used  as  the  composition  for  the 

Scarlet  Dye. 

I  shall  have  to  treat  on  this  dye  when  I  come  to  the  ar¬ 
ticle  dying ;  but  the  observations  I  liave  to  make  on  tin 
and  its  solutions,  may  properly  find  place  here. 

The  usual  composition,  or  mordant  for  the  scarlet  dye 
on  w  oollen  cloth  is  this.  To  one  pound  of  the  strongest 
aqua  fortis  add  an  equal  measure  of  w^ater  in  a  glass  ves¬ 
sel.  Then  bruise  separately  one  ounce  and  a  half  of  clean 
sal-ammoniac,  and  half  an  ounce  of  salt  petre,  and  gradu¬ 
ally  dissolve  these  in  the  diluted  aqua  fortis  in  a  cool  place. 
Then  add  by  a  small  piece  at  a  time  from  two  ounces  to 
two  ounces  and  a  half  of  grain  tin,  previously  granulated 
by  being  melted,  and  poured  through  a  bundle  of  twigs 
or  a  birch  broom,  into  water.  The  solution  ought  to  oc¬ 
cupy  two  days. 

The  aqua  fortis  ought  to  be  of  the  specific  gravity  1,5 
or  to  weigh  one  half  more  than  an  equal  bulk  of  water. 
Some  good  dyers,  add  only  one  ounce  of  sal-ammoniac, 
and  two  ounces  of  tin,  to  the  pound  of  aqua  fortis  :•  but  I 
shall  prefer  one  ounce  and  a  half  of  the  salt,  and  two  ozs. 
and  a  half  of  tin ;  because  there  is  some  reason  to  be¬ 
lieve  it  will  keep  better.  The  sal-ammoniac  prevents  the 
oxydation  of  the  tin. 

I  shall  have  a  good  deal  to  say  on  the  scarlet  dye  when 
I  come  to  that  article,  but  at  present  I  confine  my  obser¬ 
vations,  1st.  To  the  tin.  21y.  To  the  acid.  31y.  To 
the  sal-ammoniac.  4ly.  To  the  nitre.  Sly.  To  the  wa¬ 
ter. 
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1st.  Of  the  tin.  The  common  tin  frequently  con¬ 
tains  lead  ;  and  sometimes  copper ;  with  this  admixture, 
no  line  scarlet  can  be  procured.  Both  lead  and  copjx^r 
alter  the  crimson  and  the  scarlet  tinge ;  the  latter  metal 
saddens  the  colour.  But,  out  of  eighty  grains  of  common 
tin  from  an  ingot  such  as  are  usually  sold  in  Philadelphia, 
I  procured  neither  lead  or  copper*  I  dissolved  it  in  nitric 
acid,  which  calcined  all  the  tin :  the  oxyd  being  washed, 
shewed  no  trace  of  lead  with  sulphuric  acid. 

No  tin  is  so  fit  for  the  purpose  as  that  called  the  grain 
tin,  and  even  that  is  not  always  free  from  contamination. 

2ly,  Of  the  acid.  A  scarlet  dyer  ought  to  make  his  own 
aqua  ibrtis  in  glass.  In  the  common  w’ay  of  manufacturing 
this  acid,  if  iron  stills  or  retorts  are  not  used,  iron  heads 
to  the  stills,  are.  Hence,  it  is  scarcely  possible  that 
the  acid  should  not  be  contaminated  with  iron.  This 
:;an  be  ascertained  by  tincture  of  galls,  or  prussiat  of  pot¬ 
ash  ;  and  though  the  triple  nature  of  this  last  salt  is  liable 
to  objection,  it  will  sufficiently  answer  the  purpose. 

Nitric  acid  is  also  contaminated  by  an  admixture  of 
muriatic ;  owing  to  the  common  salt  contained  in  com¬ 
mon  salt  petre  ;  and  also  of  sulphuric  acid,  owing  to  the 
impurity  of  the  oil  of  vitriol  usually  employed,  which 
comes  over  in  the  form  of  sulphurous  acid  gas.  But  1 
do  not  know  that  these  are  very  objectionable  in  the  pro¬ 
cess.  The  addition  of  nitre  tends  to  saturate  the  superflu¬ 
ous  sulphuric  acid. 

Sly.  Of  the  sal-arinmoiiiac.  This  salt  is  made  accord¬ 
ing  to  modem  processes,  from  alkali  procured  by  the  dis¬ 
tillation  of  animal  substances  in  long  cylindrical  iron  re¬ 
torts.  It  ought  to  be  previously  examined  for  iron,  which 
uniformly  gives  a  violet  tinge  to  the  cochineal  colour. 

*  4ly.  Of  the  nitre.  I  do  not  think  it  w’orth  w^hile  to 
purify  this  salt.  The  common  impurities,  except  iron, 
fio  no  damage. 
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Sly,  Of  the  water.  This  is  very  important.  All  dht, 
makes  die  colour  dull.  All  the  earthy  salts  oadden  the 
colour.  If  it  contain  iron,  it  will  give  the  violet  tinge. 
It  is  indispensible  to  ascertain  what  iron  it  contains,  and 
by  evaporation  of  a  quart  of  it,  how  much  and  what  earthy 
suits  it  holds  in  solution. 

Hence,  the  making  of  the  tin  mqrdant  for  scarlet  clothe 
as  well  as  the  necessary  examination  of  all  the  other  in¬ 
gredients  requires  cliemical  knowledge  to  proceed  with 
any  degree  of  certainty.  By  and  by  it  will  be  worth  while 
for  some  chemist  in  tliis  country  to  make  the  composi¬ 
tion  as  an  article  for  sale. 

Common  salt  is  not  so  good  a  vehicle  of  the  tin  as  sal- 
ammoniac. 

Filings  of  tin  are  given  as  a  medicine  in  cases  of  worms : 
but  I  do  not  know  of  any  further  use  of  this  metal.  The 
smoking  liquor  of  Libavius  is  not  of  importance  as  yet 
in  a  manufacturing  point  of  view. 
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OutUne  of  Geology^  by  the  Editor. 

Before  I  enter  on  the  relative  ages  of  metallic  sub¬ 
stances,  it  may  not  be  amiss  to  give  a  brief  sketch  of  die 
formation  of  die  earth,  according  to  the  best  acknowledg¬ 
ed  facts  we  possess,  and  the  most  probable  opinions 
hitherto  advanced.  In  doing  this,  I  shall  not  scruple  to 
blend  my  own  view^s  of  the  subject,  w'ith  tlK*  remarks 
which  I  shall  be  induced  to  adopt  from  other  writers, 
chiefly  Werner,  as  exhibited  by  Jamieson ;  confining  my¬ 
self  however,  as  well  as  I  can,  to  fair  deduedons  from 
known  phenomena. 
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There  are  only  two  systems  relating  to  the  explanation 
of  the  general  appearance  of  our  planet,  that  are  entitled 
to  any  consideration :  the  one  the  Neptufiiatiy  at  the  head 
of  which  is  Werner  the  professor  of  mineralogy  at  Fri- 
burgh ;  the  other  the  Plutonian^  advanced  by  the  late  Dr. 
Hutton,  so  well  known  in  the  mathematical  world,  and  at 
present  chiefly  supported  by  professor  Playfair  of  Edin¬ 
burgh. 

Werner’s  system,  in  brief,  is,  that  all  the  more  exten¬ 
sive  and  universally.found  strata,  or  formations,  of  our 
globe,  liave  been  fonned,  pardy  by  ciy^stallization  of  sub¬ 
stances  dissolved  or  intimately  mixed  %vith  the  wateiy 
fluid  that  contained  them  in  a  chaotic  state — partly  by 
subsidence  of  tlie  particles  mixed  with  the  water — and 
In  cases  of  volcanic  strata,  by  volcanic  eruptions.  His 
general  distinction  of  primitive,  transition,  secondary, 
alluvial,  and  volcanic  soils  or  rocks,  appears  to  me  too 
probable  to  be  rejected ;  nor  is  it  possible  for  any  person 
who  has  seen,  (as  may  very  commonly  be  seen,)  granite 
and  quartz ;  also  phints  and  soft  shells,  surrounded  by 
and  enveloped  in,  limestone,  flint,  siliceous  grit,  and  ar- 
gillo-silite,  to  doubt,  but  the  great  majority  of  rocks  and 
stones,  are  formed  by  cr}^stallization  and  subsidence  of 
particles  dissolved  or  mixt  in  water. 

According  to  the  Plutonian  hypothesis  of  Hutton  and 
Playfair,  our  globe  is  subject  to  a  gradual  but  perpetual 
change,  inducing  endless  alterations  of  continent  and  of 
sea,  in  the  same  places.  The  present  continents,  Ibr  in¬ 
stance,  are  subject  to  destruction  by  tlie  action  of  air, 
rain,  mechanical  attrition,  chemical  decomposition,  the 
operation  of  gravity,  &c.  The  materials  thus  broken 
down,  and  decomposed,  are  gradually  carried  to  the  bot¬ 
tom  of  the  ocean,  where  they  are  subject  to  induration 
by  the  action  of  internal  heat,  and  new  strata  are  formed, 
which  in  time  are  r;i:sed  by  snl)temncoiis  fires,  beco:v.- 
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ing  in  their  turn  terra  firma.  The  sea  is  propelled  over 
the  old  continents,  wliich  then  become  the  bottom  of  the 
ocean,  while  the  new  continents  are  gradually  clothed 
witli  vegetables  and  animals,  and  in  process  of  time  un- 
dergo  the  same  gradual  action,  decay,  and  submersion, 
which  their  predecessors  experienced. 

The  experiments  of  Sir  James  Hall,  on  the  effects  of  heat 
modified  by  compression,  have  been  made  in  pursuance 
and  support  of  Hutton’s  theory ;  and  he  has  certainly 
she^vTi,  that  cr}’stallized  forms  of  carbonat  of  lime  may  be 
produced  under  the  joint  operation  of  great  heat  and  great 
compression,  which  are  very  similar  to  such  as  would  be 
generally  ascribed  to  a  cr)  stallization  from  watery  fusion 
or  admixture. 

The  view  of  the  subject  that  at  present  occurs  to  me 
as  most  probable,  is  this : 

The  density  of  the  earth,  according  to  the  calculations 
and  observations  of  Sir  Isaac  Newton,  Dr.  Maskelync, 
Dr.  Hutton,  Professor  Playfair,  and  the  honourable  Mr. 
Cavendish,  cannot  be  less  than  five  times  that  of  water. 

The  strata  or  formations  of  the  earth,  so  far  as  thev 
have  been  examined,  consist  of  the  following  nine  earths 
or  their  combinations :  alumina,  silica,  calcia,  magnesia, 
baryta,  strontia,  glucina,  zirconia,  yttria.  The  three  last 
are  found  in  quantities  so  comparatively  small,  as  not  to 
be  worth  notice  on  the  present  occasion.  The  same  ob¬ 
servation  may  be  made,  though  in  a  less  degree,  on  ba¬ 
ryta  and  strontia,  which  are  only  found  occasionally  in 
secondary  strata  in  nodules,  or  as  the  matrix  of  ores,  or 
otherwise  insulated.  The  earth  and  its  formations  may 
therefore  l>e  considered  as  consisting  of  alumina,  silica, 
calcia,  and  magnesia,  and  their  admixtures  and  combi¬ 
nations  ;  interspersed  rather  than  intersected  occasionally 

hv  mcfcillic  substances. 
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Alumina  has  the  specific  gravity  2,  calcia,  2.3,  mag¬ 
nesia  2.3,  silica  2.65.  The  metallic  ores  contained  in 
these  formatiojjs,  are  too  few  in  number  and  in  quantity 
to  raise  the  specific  gravity  of  the  mass  ,1.  Add  to  this, 
that  the  quantity  of  sea  Sc  river  water  contained  in  these  for¬ 
mations  will  greatly  reduce  the  specific  gravity  of  the  mass ; 
so  that  the  average  specific  gravity  of  all  the  known  strata 
of  the  earth  cannot  fairly  be  considered  as  amounting  to 
more  tlian  2 ;  but  if  taken  at  2.5,  then  will  the  known 
strata  possess  a  specific  gravity  of  one  half  the  specific 
gravity  of  the  whole  globe.  Hence  it  will  follow,  that 
this  earth  consists  of  a  nucleus,  of  a  metallic  nature, 
whose  specific  gravity  exceeds  5,  covered  by  a  crust  con¬ 
sisting  of  a  series  of  formations  having  together  a  speci¬ 
fic  gravity  not  quite  reaching  2.5. 

This  outward  crust,  including  the  rivers  and  oceans 
that  rest  upon  and  within  it,  seems  to  be  the  only  object 
of  examination  to  the  Geologist,  or  as  the  German  phi¬ 
losophers  affect  to  say,  the  Gcognost.  No  observation 
that  I  know  of,  has  hidierto  extended  beyond  the  gi*anite 
formation  that  appears  as  its  substratum.  I  know  of  no 
volcanic  ejection  that  will  warrant  us  in  concluding  tliat  the 
matter  thrown  out,  is  any  other  than  part  of  the  forma¬ 
tions  that  constitute  this  crust.  The  following  questions 
admit  but  of  conjectures. 

What  are  the  constituent  parts  of  the  nucleus  ? 

Is  there  any  series  of  cavities  between  the  nucleus  and 
the  crust  ? 

What  is  the  thickness  of  the  crust  ? 

Of  how  many  original  and  universal  strata,  or  forma¬ 
tions  does  this  crust  consist? 

I  tread  upon  new  ground ;  but  I  use  the  aids  which 
wise  men  have  furnished  ;  I  have  none  of  my  own. 

The  nucleus  is  metallic  :  I  conclude  this,  from  its  spe¬ 
cific  gravity ;  far  too  great  for  any  known  earth.  Sir  Isaac 
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Newton  computed  it  at  7,  but  I  abide  by  Dr.  Maskdyne 
and  Mr.  Carendish.  If,  according  to  them,  the  whole 
mass  of  the  earth  be  5,  the  nucleus  cannot  |pe  less  than  6, 
considering  the  deductions  to  be  made  for  the  various  earths 
forming  the  crust,  the  waters  that  cover  so  large  a  part 
of  it,  and  the  cavities  that  are  most  probably  contained 
in  it. 

Of  what  metallic  substance  ?  Probably  of  iron  and 
nickel :  because  these  are  the  only  magnetic  metals ;  and 
I  know  not  how  possibly  to  account  for  the  phe  nomena 
of  magnetism,  but  by  means  of  a  magnetic  nucleus. 
Moreover,  I  cannot  but  suspect  that  some  connection 
exists  between  the  composition  of  metcoroiites,  all  of 
which  contain  iron  and  nickel,  and  the  subject  of  tiiis  in¬ 
vestigation.  The  specific  gravity  of  metallic  nickel  is 
only  8.38,  of  iron  7.6  or  7.7.  The  nucleus  however  will 
more  probably  consist  of  the  ores  of  these  metals  tlian  the 
metals  themselves:  and  we  know  tliat  very  many  of  the 
iron  ores  are  magnetic  and  polar.  These  arc  conjec¬ 
tures  :  but  the  present  state  of  our  knowledge  doe^  not 
afford  better. 

Are  there  any  cavities  intervening  between  the  nucleus 
and  the  crust  ?  Cavities  which  admit  of  the  entrance  of 
atmosj'heric  air  ? 

It  should  appear  that  there  are  such.  For, 

It  is  manifest  that  the  whole  scries  of  formations  from 
the  uppermost  alluvial  .soil  down  to  the  lowest  granite, 
have  in  many  instances  been  shaken  cn  mas^,  from  their 
foundations — upheaved.  None  of  them  are  horizontal, 
as  they  were  originally ;  a  fact  which  Saussure  first  esta¬ 
blished  :  nor  do  any  of  them  preserve  an  uniform  dip  or 
inclination.  Marks  of  the  revolutions  they  have  under- 
gone  ab  imo,  from  the  very  deep,  are  not  to  be  gaiiisaid. 
I'he  lowest  and  deepest  granite,  is  most  generally  found 
*  also  as  the  outgoing,  or  as  constituting  the  summit  of  the 
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highe'^t  mountains-^ — breaking  out  to  the  day,  in  the  well 
dio'-cn  ’  'iraaeology  of  the  miners.  Nor  is  the  older  gra- 
nite  arvays  in  its  original  situation,  undermost:  it  is 
found  .'Om  rir^es  overlaying  gneiss  and  other  primitive 
strata,  liv  ident'y  the  result  of  eruptions :  taking  place, 
not  In  cav'itics  th«it  ^'ccur  in  or  between  the  layers  of  the 
crust,  but  below  them  all ;  for  they  have  all  been  raised 
up  irom  the  lov/cst  grarke,  with  its  superincumbent  for- 
luatio  IS  by  some  deep  seated  and  mighty  force. 

Will  it  not  be  allowed,  tliat  this  force  is  probably  vol- 
caric  ?  W^he  :ce  otherwise  is  it  to  be  derived  ? 

Electrical  earthquakes  have  had  tlu  ir  day  :  they  will 
occur  no  more.  N  ^r  shall  we  imitate  (I  suspect)  the  Nea¬ 
politan  philosopher  who  proposed  to  sir.k  wells  to  let  out 
the  steam  of  the  great  abyss.  I  venture  to  ass<  rt  it,  as  a 
theory  at  least  as  likely  as  any  other  hitherto  proposed, 
that  volcanoes  and  earthquake are  owing  to  the  chemi¬ 
cal  action  on  each  other,  of  iron,  sulphur,  moisture  and 
atmospheric  air.  Where  arc  these  to  be  found  ? 

All  the  sulphur  of  Europe,  is  supplied  by  the  sublima¬ 
tion  of  tliat  substance  in  the  Solfaterras — in  the  immedi¬ 
ate  vicinity  of  European  volcanoes. 

All  lavas  contain  (on  the  average)  24  per  cent,  of 
iron.  I  think  this  is  the  quantity  which  Kirwan  states. 

We  have  then  as  volcanic  products,  sulphur  and  iron  ; 
and  if  through  the  lower  strata  or  formations,  water 
should  be  supplied,  we  have  even  without  atmospheric 
air,  all  tlie  materials  for  earthquakes,  volcanoes,  eruptions 
and  subversions.  The  water  is  decomposed :  the  iron 
and  sulphur  oxygenated :  caloric  evolved :  hydrogen 
escaping  through  immense  cavities  inflamed,  and  all  tlie 
phenomena  at  once  accounted  for. 

’  Having  now  arrived,  per  varios  casusyper  tot  discrlmina 
rerum^  from  the  nucleus  to  the  crust  of  the  earth,  we  will 


f 


418  Geology. 

try  what  is  to  be  done  with  that  important  part  of  our 
liubject. 

The  following  circumstances  have  been  observed,  and 
may  be  taken  as  facts.  1.  There  appears  to  be  a  scries 
of  strata,  or  as  Werner  calls  them  formations,  that  may 
be  considered  as  surrounding  the  nucleus  of  the  earth. 
The  first  formed,  or  lowest  series,  always  preserve  the 
same  situation  to  each  other  except  w^herc  occasional 
eruptions,  or  circumstances  not  of  a  general  nature,  make 
a  variety  in  tlieir  situations.  These  strata  are  not  only 
the  deepest,  but  they  arc  also  the  highest  that  are  observ¬ 
ed  in  the  crust  of  tlie  earth ;  forming  the  tops  of  the  high¬ 
est  mountains.  They  are  characterised  by  an  appearance 
of  crystallization,  and  by  containing  no  remains  of  or¬ 
ganic  matter,  vegetable  or  animal.  The  strata  or  forma¬ 
tions  that  in  general  constitute  this  first,  deepest,  liighest, 
and  crystallized  series,  are, 

Granite^  consisting  of  feldspar  crystallized  in  facets  fre¬ 
quently  lustrous ;  quartz  ;  mica.  Sometimes  also  schorl. 
Sometimes  the  schorl,  sometimes  the  mica,  sometimes 
both  are  wanting.  But  tliese  arc  accidental  deficiencies. 
This  stone  in  all  its  varieties,  is  common  about  Balti¬ 
more,  and  at  Germantown. 

Gneiss. — This  is  a  stone  composed  of  feldspar,  quartz, 
and  mica,  in  much  smaller  particles  tlian  in  granite ;  in 
the  mass,  it  is  also  stratified  or  formed  in  layers,  which 
granite  is  not.  This  is  the  common  stone  used  for  build¬ 
ing,  and  for  kirb  stones  in  Philadelphia. 

Mica  Slate. — This  is  a  stratum  or  formation  consist¬ 
ing  principally  of  quartz  and  mica,  in  which  the  mica 
predominates.  It  generally  also  contains  crystallized  gar¬ 
nets.  Stones  of  this  formation  arc  common  about  Gcr. 
mantown,  the  Falls  of  Schuylkill,  &c. 

^Clay  Slate. — The  common  grey,  bluish,  yellowish,  or 
smoke  coloured  slate,  often  used  for  covering  houses. 
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Primitive  Trap.^This  is  the  pure  black  hornblende^ 
the  hornblende  slate,  and  the  mixed  hornblende;  it  appears 
at  11  and  12  miles  from  Philadelphia  on  the  Chesnut 
Hill  road  immediately  after  the  steatite  or  soap  stone;  and 
intermingling  with  the  micaceous  shistose  limestone,  and 
then  with  the  granular  limestone. 

Granular  lAmestone. — Crystallized  :  this  may  be  ob¬ 
served  on  the  road  to  White  Marsh,  about  13  miles  from 
Philadelphia  :  the  mica  slate,  becomes  gradually  mica¬ 
ceous  limestone  slate,  and  then  granular  limestone  or 
marble,  coloured  with  hornblende  (an^hibole,  primitive 
trap)  as  in  the  black,  and  black  and  white  marble  ot 
White  Marsh  used  at  Philadelphia.  The  clay  slate  here, 
does  not  intetvene  so  far  as  I  recollect. 

Serpentine. — I  have  not  traced  this  in  the  neighbour¬ 
hood  of  Philadelphia :  the  soap  stone  first  appears.  This 
I  think'passes  into  serpentine,  of  which  the  neighbourhood 
of  Easton  furnishes  fine  specimens.  Chlorite  escaped  me. 

Porphyry  and  Sienite. — Porphyry,  is  compact  feldspar, 
containing  small  crystals  of  feldspar :  or  quartzose  stones 
containing  such  small  crystals.  Sienite,  is  a  stone  com- 
posed  of  feldspar,  quartz  and  hornblende.  I  suspect  this 
formation  has  not  been  traced  upon,  or  over  lying  the  ser¬ 
pentine  in  Pennsylvania.  These  stones  abound,  as  rolled 
specimens  out  of  place,  on  the  shores  of  the  North  East 
branch  of  the  Susquehanna  from  Danville  upward  to 
Wilkesbarre,  and  I  believe  at  intervals  as  far  as  Tioga  point. 
I  know  not  the  source  of  them.  I  suspect  them  to  belong 
to  the  secondary  trap  formations,  for  they  are  intermixed 
with  all  the  varieties  of  green  stone.  The  feldspar  is  ge-. 
ncrally  reddish. 

Sometimes  a  second  deposition  of  granite,  or  newer, 

’  more  recently  deposited  granite,  is  found  among  the  pri¬ 
mitive  strata :  in  this  the  crystals  are  similar  to  those  of 
VoL.  III.  3  F 
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the  oldest  granite  formations,  but  smaller.  If  I  mistake 
not,  Norristown  will  afford  specimens  of  this. 

These  strata  or  formations  are  so  generally  found,  and 
in  the  same  situations  as  incumbent  upon  or  subtending 
each  other  relatively,  diat  they  may  be  considered  as  uni¬ 
versal. 

Their  crystallized  appearance  shews  that  their  particles 
have  been  either  dissolved  or  very  finely  suspended  in 
water,  so  that  the  attra(|tion  of  ciy’stallization  has  been  free 
to  operate :  that  this  water  has  been  deep,  so  as  tliat  the 
lowermost  parts  of  it  have  not  been  much  agitated  during 
the  crystallization,  which  would  otherwise  have  been 
more  confused  than  it  is  :  and  indeed  the  oldest  forma¬ 
tions  ivre  the  best  crystallized.  A  part  of  the  water  cover¬ 
ing  the  nucleus  must  have  been  taken  up  as  water  of  crys- 
talliawtion,  in  the  primitive  formations.  Again:  when 
these  were  deposited,  there  were  no  vegetables  formed  : 
of  course  no  animals :  nay  even  the  sea  was  unpeopled, 
for  there  is  no  trace  of  any  organic  remains  in  these  strata. 
Even  the  Belemnites,  the  Asteriae,  the  Echini,  the  Entro- 
clti,  the  most  simple  forms  of  oceanic  animal  life,  do  not 
occur  till  the  transition  strata  appear.  Hence  the  pro¬ 
priety  of  denominating  these  formations,  primitive. 

By  processes  of  nature,  (beside  the  consumption  of 
water  by  the  new  crystallized  masses)  to  us  unknownj^ 
the  mass  of  waters  appear  to  have  diminished.  The  high¬ 
er  parts  of  the  primitive  strata  or  formations  became  the 
shores  to  the  water  superincumbent  on  their  bases  and 
middle  regions ;  the  simplest  forms  of  oceanic  animals 
came  into  existence,  and  mosses  and  lichens  of  high  lati¬ 
tude,  would  generally  occupy  the  surface  of  the  primitive 
Strata,  gradually  decomposed  by  the  alternate  action  of 
air  and  water  after  many  ages. 

During  this  jieriod,  while  the  strata  were  in  a  state  of 
transitiofi  from  the  chaotic  to  the  habitable  state,  other 
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deposits  would  gradually  be  made  from  the  waters,  now 
decreased  in  quantity ;  and  take  their  place  below  the 
summits  of  the  primitive  range.  Those  summits  being 
exposed  to  the  action  of  the  atmosphere,  of  rains,  of  frost 
probably,  and  to  the  action  also  of  the  waters  with  their 
contents  still  incumbent  on  tlie  earliest  strata,  would  flir-^ 
nish  masses  and  particles  tv'ashed  away,  which  would 
mingle  with  the  deposits  of  the  transition  series :  this  se¬ 
ries  therefore,  ^\  ill  exhibit  appearances  of  mechanical  and 
chemical  intermixture  of  earths  and  stones  such  as  are 
found  in  the  green  stone,  siliceous  hornblende  rock,  argil¬ 
laceous  hornblende  rock,  graii wacky,  and  lastly,  wacky 
which  form  the  trap  rocks  of  the  transition  series.  Spe- 
cimens  of  these  trap  formations  can  be  traced  from  Perkio- 
men  Bridge,  through  Reading  to  the  mountain  ranges  of 
shistus  that  reach  from  Putt’s  forge  to  Sunbury,  in  Penn¬ 
sylvania.  The  transition  limestone  is  the  earliest  of  this 
series,  but  I  have  not  had  occasion  to  remark  the  flint 
slate  or  the  transition  gypsum.  During  the  period  when 
these  transition  formations  were  deposited,  there  would  be 
no  land  animals,  for  there  would  be  no  vegetables  for 
them  to  feed  upon.  There  would  be  no  vegetables,  un- 
less  some  few  lichens,  mosses,  or  ericas,  that  would  find 
footlK)ld  upon  tlie  slight  decomposition  that  after  the  lapse 
of  some  ages  would  take  place  on  the  surface  of  the  pri¬ 
mitive  rocks.  The  sea  only  would  be  peopled,  and  that 
but  sparingly ;  for  in  that  mass  of  muddy  water,  none 
but  the  lowest  and  most  inferior  grades  of  animal  life, 
and  such  as  do  not  inhabit  deep  water  could  exist.  Hence 
we  find  the  transition  formations  contain  in  their  sub¬ 
stances,  some  belemnites,  asterire,  cntrochi,  echini,  &c. 
but  no  organized  vegetable  substance  except  very  rarely 
in  the  latest  rocks  of  this  series,  and  no  remains  whatever 
of  terrestrial  animals. 
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Indeed,  in  die  high  latitudes  of  the  outgoings  or  suiu- 
wits  of  the  primitive  strata,  very  few  vegetables  even  at 
the  present  day  can  live-  No  vegetation  fit  for  animal 
life,  could  take  place,  until  the  transition,  and  most  of  the 
next  series  of  (secondary  or  fletz)  formations  had  subsid¬ 
ed.  These  would  occupy  gradually  lower  and  lower  si¬ 
tuations,  till  a  rich  soil  from  every  kind  of  intermixture 
of  earth  mechanically  deposited,  would  afford  a  proper 
temperature  of  region,  and  an  easily  decomposed  soil 
wherein  vegetables  could  grow. 

Next  to  the  transition  series,  dien,  come  the  secondary 
tit  as  the  German  mineralogists  call  them,  the  Floctz 
(Fletz)  Rocks :  so  called,  because  they  appear  to  be  more- 
floated  or  horizontal ;  though  I  confess  die  appellation 
docs  not  appear  to  me  peculiarly  appropriate. 

These  strata,  consist  principally  of  sandstone,  linie- 
stone,  sometimes  stinkbg  from  bituminous  impregna¬ 
tion,  sometimes  shelly ;  secondary  trap,  graphite  and 
bituminous  coal,  gypsum,  rock  salt. 

The  old  red  sandstone,  limestone,  secondary  trap,  and 
newer  sandstone,  are  to  be  found  in  Adams  and  York 
counties.  The  graphite  or  anthratite  coal  formation"^  in 
Pennsylvania,  extends  from  the  Delaware  at  the  heads  of 
Lacawana  and  Lehigh  to  the  Nordi  mountain,  whose 
southern  base  I  think  it  subtends.  It  is  found  ten  miles 
all  round  Wilkesbarre ;  it  is  found  on  the  Berwick  turn¬ 
pike  road ;  it  is  found  a  mile  from  the  turnpike  road  21 
mUes  from  Sunbury  toward  Reading  ;  it  is  found  on  the 
Susquehanna,  or  within  a  few  hundred  yards  of  it,  six 
miles  below  Sunbur)^ ;  it  is  found  at  the  iron  works  on 
the  waters  of  the  Schuylkilfi  on  the  road  from  Reading  to 
Hamburghf.  This  stratum  does  not  extend  westward 
beyond  the  west  branch  of  Susquehanna.  I  do  not  know 
whether  it  is  connected  or  not  with  the  anthracite  of 

*  Carbon  with  little  sulphur  and  no  bitumen. 

t  And  in  Mahaiitongo  8J  miles  from  Susquehanna. 
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Rhcxie  Island,  not  having  been  there.  But  this  last  seems 
to  border  on  primitive  formations,  under  circumstances, 
which  for  want  of  knowledge,  I  cannot  explain. 

The  bitumitious  coal  formation  in  Pennsylvania,  exhi¬ 
bits  its  first  trace  as  breaking  out  to  the  day,  on  the  Ju¬ 
niata.  ^  The  bed  of  the  river  at  Chingleclamoose,  up  the 
west  branch  of  Susquehanna,  is  bituminous  coal.  It  ex¬ 
tends  from  thence  northward  and  westward  throughout 
the  whole  of  Pennsylvania.  How  far  it  extends  on  the 
Monongahela,  Alleghany,  and  Ohio^  I  cannot  say.  The 
shell  limestone  extends  up  Sugar  creek  on  the  west  side  of 
the  north  east  branch  of  Susqa.  toward  the  heads  of  that 
creek,  where  it  abounds  so  much  in  shells  as  to  be  fit  for 
lime.  All  the  stones  about  the  Sheshequin  abound  in  shells. 
This  stratum  I  have  traced  do\vnward  (south  westward) 
through  Buffalo  to  Jacks’  mountain,  which  is  a  mass  of 
shell  lime  and  calcareous  Breccia.  How  far  it  extends  in 
both  directions  I  know  not. 

I  have  observed  that  the  Alpine  heights  of  the  primi¬ 
tive  mountains  could  at  no  time  furnish  much  vegetable 
food.  The  same  remark,  but  in  a  less  degree,  will  apply 
to  the  transition  range.  The  low  and  kindly  climates  occu¬ 
pied  by  the  secondary  series — ^the  soft  and  decomposable 
nature  of  these  depositions  would  furnish  the  true  theatre 
of  vegetable  life :  and  until  these  regions  were  filled  with 
vegetables,  the  race  of  animals  could  not  have  been  pro¬ 
duced  ;  for  on  what  could  tliey  subsist  ?  Gramenivorous 
animals  therefore  must  have  succeeded  the  various  forms 
of  vegetable  existence,  and  carnivorous  the  gramenivo¬ 
rous. 

The  vegetable  matter  imbedded  in  the  substance  of  the 
secondary  strata,  will  consist  of  the  remains  of  vegetables 
that  grow  on  the  transition  strata ;  and  the  animal  remains 
w  ill  consist  chiefly  of  such  animals  as  were  produced  in 
early  stages  of  animal  existence,  particularly  the  smaller 
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aquatic  animals ;  and  of  these,  chiefly  shell  fish,  as  sliells 
are  not  so  soon  decomposed  as  mere  animal  substance. 

Coal  and  bituminous  substances,  will  also  occur  in  the 
latter  floetz  or  secondary  formations  only ;  for  with  me 
there  is  no  doubt  of  these  being  the  produce  of  submerg- 
cd  vegetables,  subjected  to  the  effects  of  heat  modi^d  by 
compression.  The  many  specimens  I  have  seen  at 
AVhitehaven  and  elsewhere  in  England,  and  some  Ame¬ 
rican  specimens  that  I  possess  myself,  wherein  there  is  an 
evident  gradation  and  passage  from  wood  to  coal  in  the 
same  piece,  compels  me  to  adopt  this  opinion.  The  pro¬ 
cess  of  nature  in  converting  wood  into  coal,  I  do  not  pre¬ 
tend  to  have  satisfied  myself  about. 

The  latest  deposits  of  what  is  considered  as  the  secon¬ 
dary  series  of  formations,  will  comprehend  basalt,  wackc, 
greystone,  amygdaloid,  newer  limestone,  chalk  and  calk 
sinter,  obsidian,  pumice,  pitch  stone, (I  have  found  this 
among  primitive  rocks  at  the  mills  near  Baltimore)  coal, 
gypsum  and  rock  salt,  which  two  last  usually  keep  com¬ 
pany  in  this  series ;  argillaceous  iron  ore,  petrifactions, 
&c.  , 

The  remains  of  land  animals  arc  nearly  confined  to  tlic 
newest  floetz  and  alluvial  deposits.  The  remains  of  many 
land  animals,  have  been  found,  particularly  by  Cuvier,  of 
which  the  race  does  not  now  exist.  So  La  Marck  has 
found  remains  of  aquatic  animals  similarly  circumstanc¬ 
ed.  The  same  remark  will  apply  also  to  vegetable  remains. 

It  is  evident  that  the  newest  of  each  series  of  formations 
will  touch  upon,  and  in  some  degree  intermingle  with  the 
oldest  of  the  succeeding  scries,  and  partake  in  some  de¬ 
gree  of  the  mutual  characters. 

As  the  waters  gradually  decreased,  and  retired  into 
their  oceanic  basons,  the  finer  kinds  of  earthy  matter 
w  ould  subside  the  last :  and  tliose  saline  substances  that 

*  I  doubt  about  Pitch  stone  belonging  to  this  series. 
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could  no  longer  find  fluid  to  hold  them  in  solution,  would 
crystallize^ 

These  last  are  alluvial  deposits ;  which  also  are  suffici¬ 
ently  general  to  merit  the  title  of  formations,  although 
varying  in  their  composition  perpctuallj",  as  clay,  loam, 
marie,  bog  ore,  sand,  gravel,  peat,  &.c.  and  their  combi¬ 
nations.  TIk'sc  occupy  the  lowest  levels  and  the  bases 
of  the  other  rocks. 

Beside  these,  occasionally  we  meet  with  volcanic  rocks 
or  stones  ;  lavas.  ^JThese  contain  debris  or  broken  frag¬ 
ments  of  many  deep  formations,  as  the  granite,  mica  slate, 
greenstone,  hornblende,  and  sandstone  found  in  ejected 
granular  or  primitive  limestone.  Hence  some  volcanic 
caverns  are  probably  situated  between  the  nucleus  and 
the  primitive  strata :  a  situation  which  we  are  led  to  pre¬ 
sume,  from  the  inclination  or  dip  of  the  oldest  fonnations  : 
their  position  would  naturally  have  been  level  and  hori¬ 
zontal,  had  not  some  mighty  force  raised  them  from  their 
l)asc.  What  effect  the  influence  of  the  moon  has  had,  in 
determining  the  circumstances  of  these  earthy  depositions 
out  of  the  immense  bodv  of  water  that  in  their  chaotic 

if 

State  contained  them,  no  one  now  can  fully  explain  :  that 
it  must  have  produced  oceanic  tides  then,  as  well  as  now, 
perjx^tually  vaiy  ing,  with  the  varying  density  of  the  ina^s 
of  turbid  fluid  acted  upon,  we  can  hardly  doubt.  It  is 
evident  also  that  many  ages  must  have  passed  before  the 
surface  of  our  globe,  put  off  its  chaotic  state,  and  became 
fit  for  the  habitation  of  man.  The  general  system,  of 
which  I  liave  presented  a  scanty  outline,  seems  pointed  out 
in  most  of  its  parts,  by  facts  and  appearances  not  to  be 
denied,  or  by  other  theories  so  well  explained :  but  as  to 
all  the  particulars^  doubts  and  uncertainties  liang  over 
them,  which  more  accurate  and  future  observations  may 
in  some  degree  serve  to  explain. 
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•  I  have  said  nothing  about  the  metallurgy  of  the  forma¬ 
tions,  meaning  this  as  a  mere  introduction  to  the  follow- 
ing  extract  from  Jameson,  on  the  respective  ages  of  tlie 
various  metals  and  their  ores.  ^ 

RELATIVE  ACE  OF  METALS. - JAMESON. 

1.  Molybdena  appears  to  be  the  oldest  of  all  the  metals. 
It  occurs  imbedded,  in  six-sided  tables,  in  granite  of  the 
oldest  formation,  in  the  -,  mountains  of  Silesia,  those  of 
Sweden,  and  it  is  said  also  in  the  primitive  granite  of 
Cruachan  in  this  country.  It  also  occurs,  along  with 
tinstone,  woolfram  and  tungsten,  in  the  Saxon  and  Bohe¬ 
mian  tin  formation.  That  formation  lies  in  granite,  w  hich 
from  its  characters,  appears  to  belong  to  the  newest  gra¬ 
nite  formation.  This  metal  is  also  found  in  the  famous 
iron-mines  of  Norway ;  but  we  know  so  little  of  the  geog- 
liostic  relations  of  the  roeks  in  these  districts,  tliat  wc 
cannot  as  yet  determine  with  any  certainty  the  exact  date 
of  the  molybdena  they  contain.  In  Glenelg,  I  observed 
very  small  portions  of  it  imbedded  in  chlorite- slate.  Com¬ 
bined  >vith  oxygen,  it  occurs  in  small  quantity  in  the 
form  of  molybdat  of  lead  (yellow  lead  ore),  in  the  oldest 
floetz- limestone. 

•  * 

2.  Menachiney  the  Titanium  of  cliemists.  This  metal 
appears  to  be  next  in  age  to  molybdena,  because  one  of 
its  species,  Rutile,*  occurs  in  those  drusy  cavities  which 
are  not  unfrequent  in  granite  mountains  of  the  highest  an¬ 
tiquity,  lying  in  or  upon  the  rock-crystal,  adularia,  and 
foUat^  chlorite,  with  which  these  cavities  are  lined.  The 
same  species  occurs  also  imbedded  in  mica-slate  and 
sienite.  Dr.  Reuss,  the  Bohemian  mineralogist,  affirms 
that  he  observed  it* in  the  newest  floetz-trap  formation,  im¬ 
bedded  in  basalt ;  and  this  observation  is  strengthened 

•  •  Frequent  in  Virginia. 
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by  the  discovery  of  Mr.  Gregor,  who  found  menachine 
to  a  constituent  part  of  basalt. 

We  shall  now  mention  particularly  the  age  of  the  dif¬ 
ferent  species  of  the  Menachine  genus. 

a.  liutile  is  found  in  Hungary^  Switzerland,  and  Rus¬ 
sia.  The  Hungarian  varieties  are  usually  imbedded  in 
mica-slate  ;  the  Russian  are  generally  accompanied  with 
or  included  in  rock-crystal,  and  those  found  at  St.  Go- 
thard  are  accompanied  with  rock-crystal,  felspar,  and 
other  fossils. 

A.  Octahedrite^  another  species  of  menachine,  occurs  in 
very  old  veins  that  traverse  gneiss  and  mica-slate.  These 
veins  are  composed  of  felspar,  axinite,  iron-mica,  rock- 
ciy’stal,  chlorite,  and  sometimes  mica.  It  has  been  hither¬ 
to  found  only  in  Dauphiny. 

c.  RutiUte. — The  late  Dr.  Mitchell,  in  his  excellent 
Memoir  on  Menachine,  in  the  last  volume  of  the  Irish 
Transactions,  has  the  following  account  of  the  geognos¬ 
tic  situation  of  rittilitc :  “  In  the  mountains  of  Passau, 
this  fossil  is  found  imbedded  in  a  coarse  granular  aggre¬ 
gate  of  felspar  and  hornblende,  and  felspar  and  actynolite ; 
therefore  belonging  to  the  genus  Greenstone,  and  order 
of  Primitive  Trap.  In  Norway,  it  occurs  in  rocks  be¬ 
longing  to  the  same  formation  in  which  the  celebrated  beds 
of  magnetic  ironstone  lie,  and  is  associated  witli  horn¬ 
blende,  and  several  other  indiv  iduals  of  a  tribe  not  as  yet 
sufficiently  examined  and  described,  but  which  evidently 
constitute  middle  links  between  actynolite  and  hornblende, 
and  to  which  the  names  Acanticone  and  Arcndalite  have 
been  applied. '  Near  Dresden  and  Brun,  it  is  found  dis¬ 
persed  through  sienite,  and  at  Galway,  in  Ireland,  in  an 
uncommonly  beautiful  porphyritic  sienite.  Hence  it  ap¬ 
pears  that  this  fossil  has  only  occurred  in  rocks  lx*long- 
ing  to  primitive  trap,  or  in  sienite,  the  last  er^  stallizaticm 
VoL.  III.  .3  G 
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which  took  place  witliin  the  primitive  period,  and  must 
therefore  be  considered  as  a  later  production  than  rutile. 
Here  a  consideration  of  the  laws  of  crystallization  coun¬ 
tenances  the  observations  on  the  order  in  which  primitive 
rocks  follow  one  another.  The  rutile,  consisting  i  f  few 
and '  simple  elements,  of  cotemporary  origin  with  a  gra¬ 
nite,  in  which  rock-crystal  occupies  the  place  of  quartz, 
and  adularia  that  of  common  felspar,  sufficiently  be¬ 
speaks  a  period,  when  the  solution,  being  purer  and  more 
tranquil,  furnished  an  earlier  and  purer  crop  of  crystals ; 
while  the  confused  and  irregular  crystallization  of  ]:)rimi- 
tivc  trap  and  sienitc,  together  with  the  greater  impurity  of 
the  felspar,  and  very  compounded  nature  of  the  horn¬ 
blende  and  rutilite,  indicate  an  inferior  purity  of  the  solu¬ 
tion,  and  consequently  later  precipitation  of  the  crystal¬ 
lized  mass.’’ 

d.  Nigrine. — This  species  has  been  hitherto  found  only 
at  Ohlapian  in  Transylvania,  in  alluvial  hills,  consisting 
of  yello\y  sand,  intermixed  with  fragments  and  boulders 
of  granite,  gneiss,  and  mica-slate,  and  from  which  gold  is 
obtained  by  wasliing.  This  gold  is  the  purest  found  in 
Transylvania;  a  circumstance  sufficiently  indicating,  that 
it  belongs  to  a  different,  and  consequently  earlier  forma¬ 
tion,  than  the  usual  Transylvanian  native  gold,  which  oc¬ 
curs  there  in  clay- porphyry,  grey-^vacke,  and  grey-w  ackc 
slate,  and-  belongs  to  the  brass- yellow^  variety,  from  the 
considerable  alloy  of  silver  which  it  contains.  In  these 
stream- works,  the  nigrinc  is.  obtained  at  the  same  time 
with  the  gold,  and  comes  to  us  intermixed  with  grains 
of  rutile,  precious  garnet,  kyanite,  and  common  sand ; 
which  renders  it  extremely  probable,  as  Dr.  Mitchcl  re¬ 
marks,  that  this  fossil,  also,  is  amative  of  primitive  moun¬ 
tains.* 

^  Vide  Mitchell,  in  Irish  Transactions. 
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€,  Iserine, — Hitherto  this  fossil  has  been  found  only 
in  the  higli  Rie^n  mountains,  which  separate  Silesia 
from  l^olicmia,  near  the  origin  of  the  Isct,  dispersed 
through  the  granitic  sand  which  forms  the  bed  of  that  ri¬ 
ver.  To  what  order  of  rocks  it  owes  its  origin,  is  uncer- 
tain  ;  but  its  near  affinity  to  iron-sand,-  \vhich  is  exclui 
sively  an  inmate  of  the  newest  floetz-trap  formation ;  and 
the  certainty  that  this  formation  was  formerly  superstrati- 
fied,  at  a  great  elevation,  on  the  Riesen  mountains,  (as 
the  remains  which  form  the  Buchberg,  and  occupy  the 
Schnccgruben,  sufficiently  testify,)  renders  it  highly  pro¬ 
bable,  that  this  fossil  also  may  belong  to  th^it  formation ; 
and  consequently  dates  its  origin  from  a  much  more  re¬ 
cent  period  llian  the  foregoing  sj^cies  of  this  genus.* 

3.  7V;i. — This  metal  appears  to  be  next  in  age  to 
menachine.  It  is  sometimes  of  nearly  cotemporaneous 
origin  with  old  primitive  rocks.  Thus  it  occurs  in  very 
old  veins,  that  traverse  granite,  gneiss,  mica-slate,  and 
clay-slate.  These  veins  contain,  Iiesides  tin-stone,  also 
wolfram,  tungsten,  molybdena,  iron-glance,*  arsenic-py¬ 
rites,  coj^per-py rites,  topaz,  quartz,  mica,  chlorite,  apatite, 
fluorspar,  steatite,  and  lithomarge.  The  veins  that  traverse 
clay-slate  are  accompanied  with  schorl,  and  appear  to  be¬ 
long  to  a  different  formation  from  those  veins  that  occur 
in  mica-slate,  gneiss,  or  granite. 

It  occurs  also  disseminated  through  granite,  and  in  beds 
that  alternate  with  strata  of  granite.  This  grianite,  how¬ 
ever,  apjx-ars  to  belong  to  the  newest  formation. 

4.  Scheele. — 'flKi  two  oresbf  this  metal,  viz.  Wol¬ 
fram  and  Tungsten,  are  of  equal  antiquity  ' with  tin.  JFol~ 
fram  occurs  almost  always  in  veins  in  primitive  moun¬ 
tains,  along  with  tin- stone;  and  sometimes,  although 
rarelv,  in  veins  in  transition  mountains.  It  appears  in  all 


•  Mitchell,  Irish  Transactions, 
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the  tin-stone  formations,  excepting  that  wliich  contains 
schorl.  In  these  situations,  it  is  found  in  England,  Sax¬ 
ony,  Bohemia,  and  probably  also  France.  In  the  Ilartz, 
it  occurs  without  tin-stone,  in  great  veins,  that  traverse 
grej'-wacke  ;  constituting,  however,  but  a  small  portion 
of  these  veins.  It  never  occurs  in  newer  rcx:ks ;  and  the 
instance  we  have  just  mentioned,  of  it  occurring  in  grey- 
W’acke,  is  only  an  exception  to  the  rule,  that  wolfram  is  a 
very  old  formation  of  the  primitive  period. 

Tungsten^  the  other  ore  of  schecle,  occurs  only  in  pri¬ 
mitive  mountains,  and  in  different  tin  formations.  This 
is  the  case  at^least  in  Saxony,  tvhere  it  is  found  in  most 
considerable  quantity.  The  gcognostic  situation  of  that 
found  in  Sweden  is  unknown.  Like  wolfram,  it  does 
not  occur  in  that  particular  tin  formation  which  is  accom¬ 
panied  with  schorl. 

5.  Cerium, — This  metal  occurs  imbedded  in  wolfram ; 
hence  is  of  equal  antiquity. 

6.  Tantalum, — This  appears  also  to  be  a  very  old  me¬ 
tal.  It  is  nearly  allied  to  tirf.  Its  gcognostic  situation 
has  not  hitherto  been  ascertained  with  i^rfcct  accuracy. 
It  would  appear  to  occur  in  felspar- veins  that  traverse  old 
mica- slate ;  hence  it  is  to  be  considered  as  of  cotempora- 
neous  formation  with  it.  One  sjxjcies,  the  Tiintalite,  oc¬ 
curs  in  the  parish  of  Kimito  in  Finland ;  the  other,  the 
Yttertantalitc,  at  Ytterby  in  Sweden.  \Ve  ma*y  remark, 
however,  that  the  gcognostic  situation  of  the  Yttcrtanta- 
lite  is  not  well  known ;  the  gcognostic  situation  just 
mentioned  is  that  of  the  t&ntalitc. 

7.  Uran, — This  metal  occurs  only  in  primitive  moun¬ 
tains.  Pitch-ore,  uran- ochre  and  uran- mica,  occur  to- 
getlier  in  veins  of  a  pretty  old  f  )rmation  that  traverse 
gneiss ;  but  uran-niica  occurs  principally  in  ironstone- 
veins  that  traverse  granite  and  other  piiniitive  rocks. 
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8.  Chrome. — Needle-ore  and  chrome-ocbre  are  the 
only  ores  of  this  metal  hitherto  described.  These  occur 
imbedded  in  common  quartz,  accompanied  with  lead- 
glance,  different  ores  of  copper,  and  traces  of  native  gold, 
all  intimately  aggregated  together.  Hence  it  is  probable^ 
that  these  ores  occur  in  a  Ix^d  in  primitive  rocks.  Chrome^ 
however,  colours  several  fossils,  whose  relative  age  is  bet¬ 
ter  known.  Thus  it  gives  the  beautiful  green  colour  to 
the  emerald  of  Peru,  which  occurs  in  clay-slate;  the 
deep  blood-red  colour  to  the  pyrope,  an  inmate  of  the  se¬ 
cond  serpentine  formation,  and  wacke ;  the  beautiful  se¬ 
ries  of  red  colours  to  the  oriental  ruby,  which  is  conjec¬ 
tured  to  occur  ill  tlic  newest  floetz-trap  formation,  and  pro¬ 
bably  in  certain  primitive  rocks  ;  the  aurora- red  colour 
to  the  red-lead  of  Siberia,  whose  geognostic  situation, 
however,  is  but  impcrft'ctly  knoum  ;  and,  lastly,  the  green 
colour  to  sernentine,  and  the  red  colour  to  spinelle.* 

9.  Bismuth. —  riiis  metal  occurs  in  veins  that  traverse 
gneiss  and  mica- slate,  and  is  accompanied  w  ith  cobalt  and 
silver  ores. 

10.  a.  JVative  arsenic., — occurs  almost  always  in  pri¬ 
mitive  mountains,  and  most  frequently  in  veins,  except¬ 
ing  a  small  portion  that  appears  in  beds  in  the  Bannat  of 
Temeswar. 

b.  Arsenic  pyntesy — which  is  a  combination  of  arsenic, 
iron  and  sulphur,  occurs  in  beds  in  mica-slate  at  Reichen- 
stein  in  Silesia  ;  and  in  a  similar  repository  in  the  newer 
granite  of  Zinnwald.  It  occurs  also  in  veins  that  traverse 
gneiss  ;  as  in  the  vicinity  oF  Frey  berg,  iii  the  electorate 
of  Saxony,  where  .it  is  highly  characteristic  for  certain 
metalliferous  formations ;  in  veins  that  traverse  clav-slate. 

r ' 

as  in  the  Saxon  Erzgebirge,  and  in  veins  that  traverse 

•  This  metal,  with  iron,  manganese,  and  nickel,  occurs  in  aero¬ 
lites,  those  stones  that  fall  periodically,  and  in  the  direction  of  the 
magnetic  meridian,  from  the  atmosphere. 

Chrome  combined  with  iron  occurs  in  the  stentitc  of  the  vicini¬ 
ty  of  Philadelphia  and  Baltimore.  T.  C. 


grey-wackc  in  the  Hartz.  It  is  even  sometimes  dissemi¬ 
nated  through  the  newer  por[)hyry  and  serpentine. 

c.  Yellanv  orpiment — seems  to  occur  only  in  floetz- 
rocks ;  whereas  red  orpiment  appears  to  be  confined  prin- 
cipally  to  primitive  rocks. 

d.  PharmacoUte^  or  arsenic- bloom,  (Arseniate  of  Lime 
of  chemists,)  occurs  in  veins  that  traverse  granite  in  Fur- 
stenberg ;  gneiss  and  mica-slate  in  Saxony,  and  grey- 
wacke  in  otlier  countries.  In  Hungary,  it  occurs  along 
with  yellow  oi*piment ;  hence  it  is  tliere  probably  of  new¬ 
er  formation. 

11.  Cohalt, —  Cohalt  glance  is  the  oldest  species  of 
colxilt-ore.  It  occurs,  in  beds,  in  mica-slate,  and  d(x?s 
not  api>eai’  in  any  of  the  newer  rocks. 

h.  Greij  Cohalt-ore  occurs  in  veins  that  traverse  gra¬ 
nite,  gneiss,  and  clay- slate. 

c.  White  Cohalt-ore  occurs  more  frequently  than  any 
other  species  of  the  cobalt  family,  and  also  in  a  greater  va¬ 
riety  of  geognostic  rekitions.  It  occurs  in  beds  and  veins ; 
of  the  latter,  two  formations  are  known  ;  one  that  occurs 
in  primitive,  tlic  other  in  floetz  mountains.  It  occurs  also 
in  considerable  quantity  in  transition-mountains.  'Fhe 
veins  in  primitive  mountains,  traverse  granite,  gneiss, 
mica-slate,  and  clay-slate.  The  newer  formation  occurs 
in  veins,  that  traverse  the  oldest  floetz- limestone. 

12.  Nickel, — This  metal  occurs  both  in  primitive  and 
floetz  mountains,  and  also  in  small  portions  in  transition- 
mountains.  In  primitive  mountains,  it  is  accompanied 
with  silver-ores  ;  in  transition-mountains,  with  lead- ores  ; 
and  in  floetz-mountains,  with  copper-ores.  In  all  these 
classes  of  rocks,  it  occurs  in  veins. 

13.  Silver, — This  metal  occurs  in  primitive,,  transi¬ 
tion,  and  floetz-mountains ;  but  it  would  appear,  that  tlie 
greatest  variety  and  quantity  of  native  silver,  and  true 
ores  of  silver,  occurs  in  primitive  mountains.  Wc  shiUl, 


433 


Geology, 

as  illustrative  of  i\\t  age  of  tliis  important  metal,  mention 
that  of  native  silver,  and  several  of  the  most  important 
ores. 

a,  JVative  Silver, — It  occurs,  with  the  exception  of 
slight  traces  in  the  well-known  coni-ears  of  Hessia,  in 
fiout-i-mountains,  always  in  veins  lliat  traverse  primitive 
and  transition  mountains.  It  appears  in  veins  that  tra¬ 
verse  granite  in  Suabia,  and  sometimes  in  Saxony ;  in 
veins  tliat  traverse  gneiss  and  mica-slate  in  Saxony,  Bo¬ 
hemia,  and  Norway  ;  in  veins  tlrat  traverse  clay- slate  in 
Saxony  and  Bolieniia  ;  and,  lastly,  in  veins  that  traverse 
porphyry  and  sicnite,  in  Saxony  arid  Hungary.  The  age 
of  the  rock,  however,  does  not  always  correspond  to  that 
of  the  venigenous  formation ;  thus,  the  veins  in  the  gra¬ 
nite  of  Furstenberg  are  newer  than  iliose  in  some  of  tlie 
varieties  of  Saxon  gneiss.  It  occurs  in  very  inconsidera¬ 
ble  quantity  in  transition- mountains. 

b,  Aniimonial  Silver, — It  occurs  only  in  veins.  In 
Wirtemberg,  these  veins  traverse  granite,  and  in  the 
Hartz,  grey-wackc ;  nevertheless,  these  formations  do  not 
differ  much  from  each  other. 

c,  Corneous  Silver-ore^  Muriat  of  Silver  of  chemists. 
This  remarkable  ore  of  silver  occurs  always  in  silver 
veins,  but  only  in  their  upper  part,  and  in  such  a  position 
in  regard  to  its  accompanying  minerals  as  shews  tliat  it 
is  always  the  newest  fossil  of  the  vein  in  whicli  it  appeafs. 
These  veins  traverse  granite,  gneiss,  mica- slate,  and  clay- 
slate.*  It  occurs  only,  in  quantity,  in  Mexico  and  Peru  : 
small  portions  have  been  observed  in  Saxony,  Cornwall, 
Siberia,  and  other  countries.! 

♦  It  is  said  to  occur  in  lloctz-limcstone  in  Peru. 

t  This  ore  particularly  the  conchoidal  subspecies,  has  an  icy  or 
glassy  aspect,  and  hence  was  denominated  Vitreous  or  Glassy  Sil¬ 
ver-ore  by  older  mbiei'alogists.  The  vitreous  silver-ore  of  Kir- 
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d.  Silver ’glance. — This  is  one  of  the  most  common 
and  abundant  of  the  silver-ores,  and  there  are  but  few  sil¬ 
ver  formations  in  which  it  docs  not  occur  in  greater  or 
less  quantity.  It  occurs  houever,  only  in  primitive 
mountains,  and  always  in  veins  that  principally  traverse 
gneiss,  mica-slate,  and  clay-slate,  more  seldom  pbrphyr)’, 
and  still  more  rarely  granite. 

e.  Red  Silver-ore. — This  beautiful  oi  e  occurs  in  veins 
that  traverse  gneiss,  porphyry,  and  grey -wacke. 

Jl  JVhite  Silver-ore. — It  occurs  in  veins  that  traverse 
gneiss,  and  it  continues  to  the  greatest  depths  in  tliesc 
veins. 

g.  Black  Silver-ore.— \i  occurs  in  veins  that  traverse 
gneiss,  porphyry,  sienite,  and  grey-wackc. 

General  Remarks. — The  ores  of  silver  are  in  general 
accompanied  with  calcspar  and  hcavy-spar;  and  from 
tlie  preceding  details,  appear  to  occur  principally  in  veins 
tliat  traverse  primitive  and  transition  mountains.  The 
greatest  portion  of  the  silver  of  commerce,  however,  is  ob¬ 
tained  from  argentiferous  lead-glance,  an  ore  that  occurs 
more  abundantly  in  the  floetz  tlian  the  primitive  moun¬ 
tains  ;  hence  it  is  somewhat  doubtful,  whether  or  not  sil¬ 
ver  may  not  be  considered  as  a  newer  metal  tlian  its  ores 
seem  to  intimate. 

14.  Copper. — This  metal  is  more  widely  distributed, 
and  occurs  in  a  greater  variety  of  formations,  than  any  of 
the  preceding.  Thus,  it  occurs  in  small  quantities  in  a 
native  state,  disseminated  tlirough  the  granite  of  Corn¬ 
wall.  The  granite  of  that  country,  however  appears  to 
me,  from  the  observations  of  Professor  Playfair,  to  belong 
to  the  newest  formation  ;  hence  this  native  copi)cr  cannot 

wan  and  others,  is  silver-glance,— a  mineral  that  docs  not  possess  the 
glassy  aspect  which  so  remarkably  characterizes  the  conchoidal 
corneous  silver-ore. 
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be  considered  as  reaching  to  the  oldest  rock  of  the  primi¬ 
tive  class.  The  great  quantities  of  native  copper  fourKl 
in  the  mines  on  the  eastern  side  of  the  Uralian  mountains, 
and  the  masses  in  Brazil  and  Canada,  originated  from 
mica-slate,  or  more  particularly  from  gi’anular  limestone 
that  occurs  in  mica-slate ;  hence,  if  my  conjecture  re¬ 
specting  the  gi'anite  of  Cornwall  be  coirect,  these  masses 
are  of  an  older  formation  than  the  copper  found  in  that 
granite.  It  occurs  also  in  veins  that  traverse  gneiss,  mi¬ 
ca-slate,  clay-slate,  and  grey-wacke ;  and  small  portions 
have  been  noticed  in  serpentine-porphyry,  and  rocks  be¬ 
longing  to  the  newest  floetz-trap  formation. 

Q,  Variegated  Copper -ore ^  which  is  copper  combined 
•with  sulphur  and  oxygen,  occurs,  in  beds,  in  mica-slite 
at  Rudolstadt  in  Silesia,  Dognatska  and  Saska  in  the  Ban- 
nat  of  Temeswar,  and  Uoraas  in  Norway.  It  has  also 
been  observ^ed  in  veins  traversing  gneiss,  mica-slate,  grey- 
wacke,  and  bitumin6us  marl-slate. 

h.  Copper- Pyrites. — It  occurs  in  all  die  great  classes 
of  rocks,  and  sometimes  in  veins,  sometimes  in  beds ; 
which  latter  are  often  of  great  thickness.  The  oldest 
formation  of  copper- pyrites,  and  indeed  of  copper  in  ge¬ 
neral,  is  that  which  occurs  in  beds  in  gneiss.  It  occurs 
also  in  beds  in  mica- slate,  clay-slate,  transition-rocks,  and 
the  oldest  floetz-limestone.  Very  small  portions  of  this 
ore  appear  in  still  newer  formations :  it  occurs  also  in 
veins  in  primitive,  transition,  and  old  Hoetz-rocks,  but  is 
far  more  abundant  in  primitive  than  any  of  the  otlier  clas¬ 
ses  of  rocks.  As  it  is  the  principal  ore  of  copper,  it  fol¬ 
lows,  that  ivhat  we  have  stated  respecting  its  age,  is  per¬ 
fectly  expressive  of  the  age  of  copper  in  general. 

15.  Gold. — Gold-yellonv  native  occurs  in  masses, 

or  in  the  form  of  sand,  in  the  beds  of  many  rivers.  It 
ivould  appear,  that  this  alluvial  gold  is  not  derived  from 
beds  or  veins,  but  from  rocks  tlirough  ivhicli  it  has  lieen 
Vo L.  III.  3  IT 
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disseminated.  Wc  liave  no  certain  information  respecting 
the  geognostic  situation  of  the  Peruvian  gold  ;  but  we 
have  much  to  expect  from  Humboldt  on  this  curious 
and  important  subject.  The  age  and  geognostic  rela¬ 
tions  of  the  gold-sand  of  Guinea  and  Brazil  arc  ccjually 
unknown.  If  tlie  views  published  by  the  Portuguese 
mineralogist  Dandrada  be  correct,  it  is  probable,  says 
Karsten,  that  the  gold  of  Brazil  will  be  found  to  occur 
in  a  sandstone  somewhat  older  than  tlie  independent  coal- 
formations.* 

lirass-yellcnv  native  gold  is  confined  to  the  newer  por¬ 
phyry  and  grey-wacke,  where  it  occurs  in  veins,  as  in  \hc 
case  in  Hungary  and  Transilvania.  It  is  said  also  to 
occur  in  sandstone  and  bituminous  wood.  Veins  of  gold 
also  occur  in  the  Uralian  mountains ;  and  tliese  appear 
to  occur  in  old  flcetz-limestone. 

16.  Sylvan^  Tellurium  of  chemists. — This  metal  oc¬ 
curs  along  tvith  brass-yellow  native  gold  in  the  newer 
por|:)hyry,  and  has  been  hitherto  found  only  in  Transil¬ 
vania. 

17.  Antimony. — This  metal  is  found  in  all  the  Hun- 
garian  and  Transilvanian  gold  mints,  and  hence  it  oc¬ 
curs  in  newer  porphyry  and  grey-wacke.  'Ihe  oldest 
formation  occurs  in  beds  with  iron-pyrites  and  quartz  at 
Schmolnilz  in  Hungary,  and  appears  to  be  coteinj)orane- 
ous  with  that  found  with  green  garnets  in  Norway.  It 
occurs  in  veins  that  traverse  grey-wacke  in  the  county  of 
DunUfies. 

18.  Manganese. — This  metal  occurs  in  veins  in  old 
primitive  rocks,  but  most  abundantly  in  numerous  small 
veins  that  traverse  the  newer  porphyry,  and  in  veins  that 
tniverse  grey-wacke.  According  to  the  late  observa¬ 
tions  of  Karsten,  it  occurs,  along  with  beds  of  ironstone, 

*  Golcl-yellow  native  fjolcl  lias  been  found  in  veins  alon^  with 
quartz  and  iron-pyrites,  but  the  age  of  these  veins  is  not  known;' 
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in  the  period  of  the  first  floetz-limestone.  It  probably  ah 
so  occurs  in  formations  of  a  later  date. 

19.  Lead, — This  metal  occurs  in  the  state  of  lead- 
glance,  in  beds,  in  primitive  mountains  in  the  Bannat  of 
Temeswar,  but  the  quantity  is  so  inconsiderable  as  not  to 
entitle  us  to  infer  from  this  the  high  antiquity  of  lead. 
The  beautiful  crystallizations  of  white,  green,  yellow,  and 
red  lead-ores,  are  also  insufficient  for  enabling  us  to  ascer¬ 
tain  this  important  point.  It  is  lead-glance,  the  combi¬ 
nation  of  lead  and  sulphur,  that  affords  the  clew  for  de¬ 
termining  the  age  of  lead.  That  ore  as  we  have  already 
mentioned,  occurs  in  inconsiderable  beds  in  the  primi¬ 
tive  mountains  in  the  Bannat  of  Temeswar ;  in  more  con¬ 
siderable  beds  in  the  transition  mountains  of  the  Hartz  ; 
but  the  greatest  accumulation  apj^ars  to  be  in  beds  in  the 
oldest  floetz-limestone.  Thus,,  the  extensive  mines  of 
Tarnow'itz,  betw’een  the  Oder  and  the  Vistula,  in  Upper 
Silesia,  contain  great  beds  of  lead-glance  in  the  oldest 
floetz-limestone.  In  Carinthia  there  is  another  great  de¬ 
position  of  the  same  kind ;  and  at  Zimapan,  in  New 
Spain,  great  beds  of  lead- glance  also  occur  jn  the  same 
limestone  formation. 

20.  Zinc. — This  metal  almost  invariably  accompa¬ 
nies  lead,  and  either  in  the  form  of  blende  or  calamine. 
The  lead- glance  veins  in  primitive  and  transition  moun¬ 
tains  arc  always  accompanied  with  blende  ;  but  the  great¬ 
est  quantity  of  this  metal  occurs  in  the  state  of  Calamine, 
inereatbedsin  the  second  floetz-limestone,  where  it  is  also 
accompanied  with  lead-glance.*  Tlicse  beds  of  calamine 
occur  in  Pmgland,  and  extend  through  a  considerable 
portion  of  Poland,  Sijesia,  Westphalia,  and  the  Nether- 
lands. 

*  It  has  not  been  satisfactonly  ascertained,  whether  these  bed? 
occur  in  the  first  or  second  ficctz-limcstone. 
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21.  Mercury, — This  metal,  in  the  form  of  cinnabar, 
occurs  in  beds  and  veins  in  primitive  mountains,  but  in 
inconsiderable  quantity  ;  it  is  in  the  floetz  or  newer  rocks 
diat  it  appears  m  abundance.  In  primitive  mountains 
the  beds  lie  in  chlorite-slate,  and  the  veins  traverse  rocks 
of  the  same  kind :  In  flcetz-rocks  the  beds  are  accompa¬ 
nied  with  slate- clay  and  sandstone,  and  probably  belong 
to  the  coal  formation.  The  great  mercury  mines  of  Idria, 
that  yield  yearly  upwards  of  sixty  tons  of  mercury,  arc 
situated  in  this  newer  formation. 

We  have  still  two  metals  to  consider,  viz.  Iron  and 
Platina. 

22.  Iron. — It  is  the  most  universally  distributed  of  all 
the  metals.  It  forms  a  constituent  part  of  the  oldest  gra¬ 
nite.  The  Kasanar  in  Siberia,  and  the  magnetic  rocks 
near  Dannemora  in  Sweden,  prove  that  iron  exists  in  great 
quantities  even  in  the  older  primitive  rocks.  Combined 
with  sulphur,  as  iron-pyrites,  it  occurs,  in  great  beds,  in 
gneiss,  mica- slate,  and  hornblende- slate.  Other  iron-ores 
occur  abundantly  in  transition  rocks.  The  floetz-rocks 
are  also  very  abundant  in  iron  :  thus,  tlie  first  or  oldest 
floetz -limestone  contains  great  depositions  of  brown  iron¬ 
stone,  as  is  tlie  case  at  Sommo  Rostro  in  Biscay,  Hutten- 
berg  in  Carinthia,  and  Tarnowitz  in  Upper  Silesia.  The 
same  formation  also  includes  a  vast  mass  of  sparry  iron¬ 
stone  in  Stiria,  which  has  been  worked  to  an  immense  ex¬ 
tent,  and  with  great  profit,  for  1200  years.  The  inde¬ 
pendent  coal  formation,  which  is  supposed  to  be  newer 
than  flcetz-limestone,  contains  great  accumulations  of 
clay- ironstone.  Clay- ironstone,  and  iron-sand,  occur  in 
the  newest  floetz -trap  formation  ;  and,  lastly,  great  depo¬ 
sitions  of  bog  iron-ore  appear  in  the  newest  of  all  the 
classes  of  rocks,  the  Alluvial. 

23.  Platina, — This  metal  occurs  only  in  grains  along 
with  gold  and  iron-sand,  in  .the alluvial  soil  of  the  valleys 
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in  South  America.  Humboldt  found  a  mass  of  platina, 
the  size  of  a  pipjeon’s  egg,  in  the  alluvuil  soil  of  the 
valley  of  Choco  in  South  America,  along  with  rolled 
pieces  of  porphyry-slate.* 

The  preceding  details  teach  us, 

1st,  Tliat  metals  differ  verj^  much  as  to  the  period  of 
their  formation. 

2d,  That  the  variety  and  quantity  of  metalliferous  sub- 
stances  decrease  in  general  from  the  primitive  to  the  allu¬ 
vial  period  of  the  earth’s  formation. 

3d,  That  molybdena,  menachine,  tin,  scheele,  cerium, 
tantalum,  uran,  chrome,  and  bismuth,  arc  metals  of  the 
oldt*st  primitive  formation,  and  that  only  feeble  traces  of 
them  arc  to  be  observed  in  newer  periods* 

4th,  That  although  arsenic,  cobalt,  nickel,  silver,  and 
copper,  occur  in  old  primitive  mountains,  they  also  ex¬ 
tend  to  newer  mountains. 

5th,  That  gold,  sylvan,  antimony,  and  manganese,  are  j 
metals  of  the  middle  age,  occurring  in  the  newer  primi¬ 
tive,  the  transition,  and  the  oldest  floetz -rocks. 

6th,  That  lead,  zinc,  and  mercury,  arc  of  a  verj^  late 
date,  when  compared  with  those  metals  we  have  already 
mentioned,  because  they  occur  in  greatest  quantity  in  the 
newer  or  fleet z  formations. 

7th,  That  iron  is  found  in  every  rock,  firom  the  oldest 
granite  to  die  newest  alluvial  deposit ;  hence  is  universal¬ 
ly  distributed,  and  is  therefore  a  production  of  every  pe¬ 
riod. 

8th,  That  the  more  crystalline  ores  abound  in  the  pri¬ 
mitive  mountains,  but  continue  decreasing  in  quantity 

*Vau<^elin  has  lately  discovered  it  in  the  silver-ores  of 
Gaudalcanal  in  Spain.  It  is  said  also  to  have  been  found  at 
Niznei  Novogorod,  six  hundred  German  miles  N.  W.  of  Pe- 
tersburgh.  The  truth  of  this  report  has  been  lately  called  in  ques¬ 
tion. 
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and  variety  from  the  primitive  rocks  to  the  newest  allu¬ 
vial  deposits.  [3  Jameson^ s  Min.  256 — 276. 

Remarks  by  the  Editor. 

This  account  of  the  age  of  the  various  metals,  I  have 
inserted  from  a  persuasion  of  its  practical  utility  :  as  lead- 
ing  us  to  the  strata  or  formations,  wherein,  according  to 
the  best  observations,  ^ve  may  reasonably  expect  to  find 
the  kind  of  ore  we  arc  in  search  of.  Hence  the  great  im¬ 
portance  of  mincralogical  as  well  as  chemical  knowledge, 
to  assist  in  developing  and  employing  the  resources  of  a 
country  that  arc  as  yet  concealed  in  the  bowels  of  the 
earth.  The  very  foundation  of  British  science  and  Bri¬ 
tish  power,  is  stone-coal  and  iron  :  nor  is  there  a  manu- 
fiicturer  of  any  eminence  who  has  not  received  a  chemi¬ 
cal  and  many  of  them  a  mincralogical  education.  To  be 
sure,  this  is  a  fashion  of  late  years ;  that  is  within  twenty 
but  docs  not  the  prodigious  improvement,  and  over¬ 
whelming  power  of  that  country  date  its  growth  from  the 
same  period  ? 

Let  us  consider  for  a  moment  the  difference  between 
two  countries,  the  one  of  which  manufactures,  the  other 
only  purchases  a  piece  of  printed  calico.  The  one  a  na¬ 
tion  of  shopkeepers  and  fanners — the  other  supplying 
from  the  stores  of  its  own  science  and  resources,  the  com¬ 
modities  that  the  other  stands  in  need  of.  I'he  shopkeep¬ 
er  needs  nothing  but  his  shelves  and  his  counter ;  the 
farmer  can  manage  all  his  concerns  with  the  simple  aid  of 
a  blacksmith  and  a  w  heelwTight.  Shew  to  these  persons 
a  piece  of  calico  of  three  reds,  chocolate,  black,  yellowy 
olive,  green,  and  blue ;  they  w'ill  stare  at  it,  as  a  pretty 
thing,  but  merely  as  an  article  of  sale,  tliat  will  bear  a 
certain  profit  to  the  importing  merchant  and  retailing 
storekeeper,  whose  knowledge  need  not  extend  beyond 
the  buying  and  the  selling  of  the  article  in  question. 
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Shew  this  to  a  chemist,  and  he  will  sec  at  once  that  ac¬ 
cording  to  the  modern  system  of  manufactures,  to  pro¬ 
duce  this  sample,  there  is  required 

1st,  The  knowledge  necessar}^  to  erect  a  steam  engine, 
with  all  t!ie  acquirements  previously  necessary. 

2dly,  The  mechanical  knowledge  necessary  to  erect 
and  put  in  order  the  complicated  machinery  for  carding, 
roving,  spinning,  and  twisting  cotton. 

3dly,  The  kiiowledgc  necessary  to  jjae  weaving  of  it 
into  cloth,  which  under  the  patent  of  the  Rev.  Mr.  Cart¬ 
wright  is  in  England  now  performed  by  the  power  of  wa¬ 
ter  or  of  steam  ;  and  in  the  course  of  a  twelve  month  will 
be  so  performed  in  this  country.  I  hear  it  has  been  done 
in  Boston,  and  I  saw  it  done  with  additional  improve¬ 
ments  by  Mr.  Siddal’s  loom  about  six  miles  irom  Phila¬ 
delphia  on  the  York  road. 

4tlily,  The  chemical  knowledge  necessary  to  bleach 
the  goods  to  a  marketable  whiteness.  Including  the  know¬ 
ledge  of  alkalies,  the  method  of  making  and  employing 
oil  of  vitriol,  to  which  lead  works  and  glass  works  are  ne¬ 
cessary  :  and  the  method  of  making  and  employing,  the 
oxy muriatic  acid  and  its  alkaline  and  earthy  combina¬ 
tions. 

5thly,  The  knowledge  necessary  to  the  machinery  of  a 
print  shop  and  its  attendant  branches  :  as 

a.  The  pattern  drawer,  to  w  horn  is  ])aid  from  a  guinea 
to  a  guinea  and  a  half  a  week,  and  tvhose  sole  employ¬ 
ment  is  the  inventing  and  the  drawing  of  patterns  on  pa¬ 
per,  This  introduces  the  trade  of  colour-making ;  itself 
implying  no  slight  degree  of  chemical  knowledge  and  ex¬ 
perience. 

d.  The  block  cutter ;  and  finisher  who  fixes  the  hat 
or  felting  on  the  block  when  cut. 

c.  The  fabricator  of  copixr  plates,  and  of  turned  cop¬ 
per  rollers. 
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d.  The  engraver  of  copper-plate  patterns. 

e.  The  weaver  of  the  cloths  for  the  printing  table,  and 
the  roller- work. 

f.  The  knowledge  necessary  under  w  hat  circumstanced 
to  use  the  adhesive  mixtures  of  the  printer ;  wlicn  to  em¬ 
ploy,  gum  arable,  gum  Senegal,  or  gum  tragacanth ; 
when  to  employ  raw  or  parched  flour  ;  when  to  substi¬ 
tute  gypsum^  &c.  implying  considerable  chemical  know¬ 
ledge. 

g.  The  colour  man,  who  mixes  the  colours  and  mr.kes 
the  mordants,  whose  business  cannot  be  well  or  economi¬ 
cally  conducted,  without  considerable  chemical  know’- 
ledge.  It  is  his  business  to  know  how  to  make  each 
mordant  proper  to  fix  the  colour  of  each  colouring  drug ; 
in  what  proportion  the  mordant  and  the  drug  must  be 
used  to  give  the  required  colour,  when  tlie  piece  comes 
out  of  the  dye-copper.  What  drugs  from  various  quar¬ 
ters  of  die  world,  yield  not  only  die  required  colour,  but 
at  the  cheapest  rate  and  of  the  required  tinge.  In  wiiat 
order  and  succession  the  colours  are  to  be  printed  on  the* 
clodi.  What  patterns  wll  bear  colours  printed  on  at  once 
without  dying,  and  what  requires  to  lie  dyed  after  print¬ 
ing.  How  many  colours  can  be  raised  by  one  and  the 
same  immersion  in  the  dye  copper.  W^hat  colours  and 
patterns  require  to  be  printed,  dyed,  penciled  or  discharg¬ 
ed,  to  produce  the  work  required  in  the  market.  All  this 
and  much  more  is  necessary  to  be  known  in  the  colour 
shop  of  the  printing  establishment. 

h.  When  to  this  we  add  the  knowledge  requisite  to 
erect  and  manage  in  the  best  manner,  tlie  water  works, 
dash  w^hcels,  stoves,  calenders,  presses,  &c.  of  such  an 
establishment,  there  can  hardly  remain  a  doubt  but  miicli^ 
knowledge  must  exist  where  ^these  establishments  arc 
common,  more  than  where  they  are  unknown.  But  it  is 
not  the  knowledge  required  or  displayed  in  each  particii- 
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lar  work,  that  is  of  so  much  importance,  as  that  the  means 
of  knowledge,  and  the  theory  of  all  these  processes,  must 
be  of  easy  access,  and  generally  diffused  throughout  the 
country,  where  it  is  in  constant  demand. 

This  is  only  one,  and  of  one  branch  among  the  almost 
innumerable  manufactures  of  Great  Britain  and  the  other 
European  nations.  Is  it  possible  to  doubt,  but  what  they 
must  have  more  knowledge  upon  the  whole  than  we  have, 
whose  concerns  need  it  not  ?  Is  it  not  evident  that  there 
is  and  must  be  among  these  people,  more  general  energy 
in  the  various  classes  of  society,  and  more  accumulation 
of  real  power  than  among  us  ?  For  knowledge  is  power. 
All  these  objects  of  exertion  by  means  of  which  Great 
Britain  lays  the  world  tributary  at  her  feet,  furnish  her 
with  wealth — and  furnish  her  with  men  too  in  time  of 
need :  men  for  defence,  and  men  for  offence.  It  is  ma¬ 
nufacturing  machinery  that  fui  nislies  men  who  can  be 
spared  when  they  are  wanted — it  is  manufacture  that 
cloaths,  ay  and  manufacture  that  feeds  them :  for  the 
general  energy,  and  aim  at  improvement  in  manufactures, 
extends  to  and  influences  every  other  branch  of  industry  : 
hence  the  English  are  the  best  Janners  in  Europe,  pre- 
cisely  because  tlicy  are  the  best  manufacturers  in  Eu¬ 
rope. 

And  yet  some  years  ago,  in  the  Legislature  of  the 
United  States,  it  was  gravely  asserted,  debated,  and  voted, 
by  men  W'ho  were  the  advocates  of  our  dependence  on 
Great  BrlUiin  for  the  manufactured  necessaries  of  life,  that 
we  wxre  the  most  enlightened  nation  on  the  face  of  the 
eartli !  and  this  circumstance  too,  this  vote,  was  one  of’ 
the  proofs  of  tlie  assertion  !  and  the  silly  declaimcrs  w  ho 
advanced  this  modest  position,  deemed  themselves  no 
doubt  among  the  wisest  of  the  wise !  In  manufacturing 
speeches — in  debating  for  days  w  hat  might  be  decided  in 
minutes,  w^e  do  excel. 

VoL.  IIT.  3  h 
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I  do  sincerely  wish  that  the  people  would  onccf  begin 
to  imagine,  that  legislators  who  talk  the  longest  are  not 
therefore  the  wisest ;  and  that  there  may  be  some  truth  in 
the  old  proverb,  that  empty  vessels  sound  the  most.  In 
our  debates  it  must  be  confessed  that  if  our  knowledge  be 
not  very  profound,  it  is  in  our  oww  language,  very 
lengthy.  In  natural  talent,  in  force  of  body  and  vigour 
of  mind,  we  are  inferior  to  no  nation  that  I  am  acquaint¬ 
ed  with :  but  I  think  that  even  while  I  am  writing  (Sep¬ 
tember  1814)  proof  is  afforded,  that  we  should  he  greatly 
improved  by  Euroj^an  cultivation  and  Euroixan  discip¬ 
line  ;  for  these  have  made  beings  our  superiors,  who  in 
every  natural  endowment  of  mind  and  body  are  scarce¬ 
ly  our  equals. 

In  the  outline  I  have  given  of  Werner’s  theory  of  the 
earth  with  a  few  additional  ideas  of  my  own,  it  rhiist  be 
obvious,  tliat  it  does  not  account  for  metallic  strata  or 
veins  of  late  formations.  Nor  will  the  iNeplunian  hypo¬ 
thesis  of  watery  crystallization  answer  the  purpose  as  I 
think  :  nor^ can* I  adopt  the  Plutonian  theory  of  Hutton 
and  Playfair,  who  suppose  the  veins  of  metallic  substance 
to  have  been  filled  by  Injection  from  below.  To  me  it 
seems  that  we  want  light  on  the  subject,  and  must  await 
till  more  facts  be  recorded  and  compared.  T.  C. 


IKON. 

Preliminary  Essay  vfion  the  theory  of  Assaying  as  afifilied  to  the 

ores  of  iRos. 

In  the  wide  and  important  range  of  chemical  investigation,  few 
subjects  present  themselves  to  our  notice  wJiicJi  have  so  extensive 
a  relation  to  the  wants  and  comforts  of  life  as  tlic  various  manufac¬ 
tures  of  iron.  First  on  the  list  of  necessity,  and  yielding  to  none 
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as  a  material  of  luxurious  refinement,  this  real  king  of  metals,  gov¬ 
erns,  assists,  or  modifies  every  operation  which  stimulates  the  in¬ 
genuity  of  man.  Every  trade  without  exception  is  dependent  on 
it,  while  it  borrows  the  aid  of  but  vei’y  few  in  return.  Agriculture 
and  mechanics,  chemistry  and  mineralogy,  astronomy  and  naviga¬ 
tion,  all  confess  its  universal  utility.  Medicine  respects  it — sur¬ 
gery  might  almost  worship  it.  Painting  is  indebted  to  it  for  many 
of  her  favourite  colours,  and  music  for  some  of  her  sweetest  sounds. 
Universally  diffused  throughout  our  globe,  we  trace  it  under  cveiy 
form,  assuming  cverj"  hue,  mingling  in  every  combination — the 
favourite  instrument  of  the  wisdom  and  goodness  of  the  Deity.  It 
enters  into  the  composition  of  all  our  food — it  constitutes  an  im¬ 
portant  portion  of  the  soil  which  supports  us.  It  sparkles  in  the 
eye  of  health,  and  blooms  in  the  blushing  cheek  of  youth  and  beau¬ 
ty — it  tints  the  gems  of  the  mine  and  the  flowers  of  the  forest,  and 
its  powerful  influence  presides  in  some  measure  over  every  pro¬ 
duction  of  art,  and  every  process  of  nature. 

^Vhcn  wc  reflect  on  the  unlimited  usefulness,  the  inexJiaustible 
variety,  and  the  interesting  difficulties  which  this  substance  dis¬ 
plays  to  our  consideration,  it  may  seem  matter  of  surprise  that  it 
should  not  have  been  already  thoroughly  examined  by  scientific 
men  ;  and  indeed  the  author  of  this  sketch  was  long  of  opinion  that 
nothing  remained  for  investigation.  The  better  he  became  acquaint¬ 
ed  with  the  sul)ject  however,  the  more  fully  was  he  convinced, 
that  from  some  cause  or  other,  iron  has  not  obtained  a  due  share  of 
attention  ;  that  disputes  about  absolute  caloric,  or  the  radical  of  mu¬ 
riatic  aciil,  or  the  constituents  of  the  precious  stones,  or  the  exact 
specific  gravity  of  the  gasses,  with  an  hundred  other  chemical  in¬ 
vestigations,  which,  even  when  discovered,  add  but  little  to  our 
knowledge  and  nothing  to  our  happiness — have  puzzled  the  judge¬ 
ment  and  distracted  the  invention  of  philosophers,  while  the  hum¬ 
bler,  more  attainable,  but  incomparably  more  important  processes 
of  manufacture,  lay  neglected  or  forgotten.  Thus  in  the  essays  of 
the  celebrated  Klaproth,  which  are  models  of  science  and  consum¬ 
mate  skill,  there  is  not  a  single  analysis  of  the  ores,  or  oxyds  of 
iron ;  and  Boucher  and  Courtivreau,  the  French  academicians, 
tliough  the  authors  and  compilers  of  a  long  and  elaborate  treatise 
on  the  arts  of  the  furnace  and  the  forge,  gives  us  no  reason  what¬ 
ever  for  supposing  that  they  ever  made  an  experiment  upon  the 
subject.  Swedenborg  has  also  furnished  a  minute  and  verbose 
account  of  the  Swedish  modes  of  manufacture,  which  is  equally 
destitute  of  chemical  investigation  ;  abounding  however^  Hkc  Mr 
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famous  system  of  thcolog^V)  fanciful  asseruon  and  hypothetical 
conjecture/  Rinman  has  written  largely  and  originally  upon 
ifon,  but  his  observations  as  well  as  those  of  Reaumur,  are  princi¬ 
pally  directed  to  its  changes  into  steel.  Cramer’s  metallurgy, 
gives  us  an  indifferent  process  for  reduction  in  the  small  way,  and 
Gellert  has  described  a  very  excellent  mode  of  effecting  the  same 
operation.  Bergman,  Vauquelin,  Proust,  Thenard,  Lussac,  Clouet, 
Guineveau,  Hatchett,  Berthollct,  Morveau,  Duhamel,  and  very 
many  other  and  able  chemists  have  undoubtedly  done  much  to 
investigate  the  properties  of  iron,  but  in  general  their  investiga¬ 
tions  overlook  the  primary  processes  of  manufacture,  and  al¬ 
though  they  read  well  in  a  system  of  chemistry,  afford  but  few 
rules  that  are  applicable  to  practice.  The  iron  master  has  yet  to 
learn  aome  tolerably  simple  and  certain  mode  of  assaying  his  ores, 
and  forming  a  previous  judgment  of  the  quality  of  his  iron,  and 
continues  for  want  of  such  knowledge,  to  be  exposed  to  immense 
loss,  and  sometimes  to  irretrievable  ruin. 

The  only  author  that  I  have  read,  who  appears  to  entertain  cor¬ 
rect  ideas  upon  this  subject,  is  Mr.  Mushet  of  Scotland,  and  as¬ 
suredly  his  experiments  bear  a  closer  relation  to  practical  utility 
than  any  others  that  I  have  seen.  But  whether  it  be  that  the  kinds 
of  ore  which  he  principally  treats  on,  vary  in  their  composition 
fi*om  those  of  the  same  species  and  subspecies  which  we  use  in 
this  country,  or  whether  the  nature  of  his  crucibles  or  the  power 
of  his  assay  furnace,  differ  very  widely  from  those  which  I  have 
employed,  certain  it  is,  that  in  endeavouring  to  repeat  his  experi¬ 
ments,  I  have  frequently  obtained  very  different  results  ;  and  have 
been  forced  notwithstanding  the  high  respect  I  have  long  enter¬ 
tained  for  his  authority,  to  believe  him  in  some  important  respects, 
entirely  mistaken.  In  the  present  paper  I  shall  notice  some  few 
of  his  observations  which  I  consider  erroneous,  and  which  from 
the  publicity  bestowed  on  them  in  your  highly  useful  and  excel¬ 
lent  work,  have  obtained  general  circulation. 

As  the  remarks  and  researches  which  I  have  made  on  this 
subject  arc  intended  to  refer  immediately  to  practice,  I  shall  begin 
with  the  first  o])eration  which  the  ore  ge^itrally  undergoes,  viz. 
torrcfaction  or  toasting. 

**  The  consequence  of  heating  ironstone  exposed  to  the  air,” 
says  Mr.  Mushet  is  a  loss  of  water,  sulplnir  arid  carbonic  acid.” 
In  proportion  as  these  are  carried  off,  the  metal  becomes  more 
c.rA  ri'»o’*e  revived,  and  of  Corirse  more  liable  to  attract  and  fiJL 
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oxygen,  thus  becoming  more  difficult  to  be  reduced  than  ever. 
This  is  indicated  by  its  swelling  in  bulk  and  losing  its  magnetir 
virtue.  Upon  this  supposed  absorption  of  oxygen,  unsupported 
as  it  is  by  any  experiment  that  I  know  of,  Mr.  Mushel’s  whole 
theory  of  torrefaction  is  erected. 

Now  with  respect  to  the  fact  that  ironstone  over  rousted,  loses 
its  magnetic  property,  it  is  true  only  as  it  regards  tive  presence  of 
sulphur.  I  have  repeatedly  torrefied  the  fine  argillaceous  iron¬ 
stone  of  Bassenheim  iron-works,  from  a  low  I'ed  to  a  fusing  heat, 
and  found  its  magnetism  in  the  last  stages  increase  instead  of  dimin¬ 
ishing.  The  result  was  very  different  however,  when  the  ore 
contained  sulphur.  It  then  fused  much  sooner,  became  porous, 
and  spongy,  and  lost  its  magnetism  altogether.  If  it  were  oxygen  — 
that  produced  the  effect  in  the  one,  it  ought  also  to  have  produced 
it  in  the  other.  The  obvious  inference  must  be,  that  Mr.  Mushet 
erected  his  theory  upon  the  examination  of  sulphureous  ironstone, 
without  observing  the  difference  ;  since  indeed  he  not  only  ne¬ 
glects  taking  into  consideration  the  effects  of  sulphur  generally, 
but  even  ridicules  the  folly  of  those  manufacturers  who  consider 
its  agency  of  such  importance. 

But  there  is  another  powerful  reason  against  this  supposed 
increase  of  oxygen,  derived  from  the  very  principles  of  the  ore 
itself.  For  ironstone  can  in  most  cases  be  considered  in  no  other 
light  than  a  peroxyde  of  iron  ;  already  subjected  as  it  most  probably 
has  been,  to  oxydation,  during  centuries,~it  must  long  since  have 
reached  its  point  of  saturation,  and  therefore  might  part  with,  but 
assuredly  cannot  acquire  oxygen  during  the  operation  of  roasting. 

To  ascertain  this  matter  however  beyond  all  dispute  I  took 
some  of  this  sulphureous  ironstone  which  had  been  torrefied  till  it 
fused  into  a  light  cellular  mass  of  a  dark  livid  blue  colour,  totally 
destitute  of  magnetism.  This  I  pulverized,  and  having  again  sa¬ 
tisfied  myself  that  not  an  atom  of  it  w’as  attracted  by  the  magnet, 

I  put  it  into  a  glass  with  some  sulphuric  acid.  An  immediate  action 
was  perceived  and  a  smell  of  hydrogen  emitted.  I  diluted  the  acid 
and  let  it  stand  for  a  couple  of  hours,  w'hen  on  testing  it  by  prus- 
siat  of  lime,  a  greenish  blue  precipitate  instantly  apppeared.  It  is 
hardly  necessary  to  mention  to  the  chemical  reader,  that  the  prus# 
slat  of  lime  here  employed,  is  preferable  to  the  prussiat  of  potass 
as  a  test,  unless  this  last  be  very  cai’efully  prepared,  because  the 
prussiat  of  potass  as  commonly  used  is  apt  to  be  decomposed 
where  there  is  an  excess  of  acid,  but  the  prussiat  of  lime  (unless 


Hm 


much  heated)  is -never  liable  to  this  fallacy.  The  object  of  this 
experiment  is  obvious.  It  is  well  known  that  a  solution  of  sul- 
phat  of  iron  (and  indeed  of  all  the  salts  of  iron)  deposits  its  base 
after  standinc:  some  time,  because  the  iron  becomes  too  much 
•oxyded  to  remain  in  solution,  and  yet  after  this  spontaneous  pre¬ 
cipitation  had  taken  place,  the  iron  is  only  what  is  called  an  ochre, 
is  perfectly  maj^netic  after  slij^ht  roastini^,  and  is  the  same  in  ef¬ 
fect  as  the  boil;  ores  in  the  f^reater  part  of  all  countries  which 
abound  in  pyritous  stone  coal.  (Vide  Henckel’s  I’vritolo^ia). 
Therefore  it  is  evident  that  the  ore  in  this  expei'iinent  did  not 
contain  a  full  dose  of  oxygen,  or  else  it  would  have  been  insoluble, 
still  less  coulikit  contain  a  quantity  of  it  destructive  to  its  pro¬ 
ducts  in  the  blast  f\irnace,  since  it  actually  contained  less  than  tiic 
class  of  bot;  ores,  which  are  acknowledged  to  be  among  the  casiofci 
worked,  of  all  the  ores  of  iron. 

It  is  to  bo  lamented  that  a  man  of  sncli  perseverance,  expe¬ 
rience  and  sk.ill  in  the  manipulations  of  the  assay  furnace,  should 
have  entertained  so  strong  an  impression  ofllie  injurious  tendency 
of  oxygen,  and  overlooked  so  obvifuis  and  powerful  a  mineralizer  as 
sulphur  is  known  to  he.  Perhaps  the  reason  was  that  he  conceiv¬ 
ed  no  notaldc  portion  of  sulphiii’  could  exist  in  combination  with 
the  one  unless  it  appeared  plainly  in  the  roasting,  for  he  says  ex¬ 
pressly  that  if  the  pulverized  ironstone  be  thrown  into  a  red  hot 
vessel,  the  presence  of  sulphur  (if  any  !)  will  instantly  he  mani¬ 
fested  by  a  dark  lambent  flame  and  a  sufTocating  vapour.  No\v 
T  ran  assert,  upon  my  own  experience,  that  an  ironstone  v  hicli 
contains  so  much  sulphur  as  to  proilucc  but  little  and  extrcmcl} 
bad  iron  in  the  furnace  and  in  the  assay  crucible,  may  notwith¬ 
standing  he  thrown  to  the  quantity  of  four  ounces  upon  a  red  hot 
iron  |Slatc  without  exhibiting  any  flame  or  emitting  any  percepti¬ 
bly  sulphureous  odotir.  That  consequently,  this  mode  of  disco¬ 
vering  sulphur  cannot  in  my  opinion  he  at  all  relied  on.  ('ertain 
it  is  indc(‘d,  that  where  these  appearances  arc  j)rcscnt,  the  ore 
must  be  exceedingly  sulphureous,  but  it  is  equally  certain  that 
ironstone  may  be  contaminated  with  sulpluirto  a  very  mischievous 
excess,  without  shewing  any  such  appearances  whatever  wlicn 
tried  in  the  mode  which  he  recommends  ;  althougli  when  a  very 
large  quantity  is  burnt  in  a  pile  and  for  several  days  together  as  at 
furnaces,  the  sulphureous  acid  gas  can  be  readily  perceived  even 
at  several  yards  distance.  The  cause  of  this  odour,  cannot  be  mis¬ 
taken  w'here  w  ood  and  charcoal  arc  used  for  the  piii  pose  of  ton  e- 
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faction,  as  is  generally  the  case  in  the  United  States ;  but  where 
stone  coal  is  employed,  for  that  purpose,  as  it  is  in  Scotland,  it 
might  very  readily  escape  notice. 

I  shall  puss  by  some  of  Mr.  Mushet’s  intermediate  observa¬ 
tions  upon  this  subject,  and  proceed  at  once  to  his  conclusion, 
which  I  conceive  would  in  many  cases  produce  very  injurious  ef¬ 
fects  if  reduced  to  practice.  “I  look  upon  says  he  “to  be  a 
desideratum  in  the  preparation  of  ironstone,  to  contrive  a  mode 
which  would  cither  dcoxygenate  the  ore  unexposed  to  external 
air,  with  a  degree  of  certainty  which  wo\dd  preclude  the  possibili¬ 
ty  of  the  ore’s  attracting  more  oxygen.”  The  meaning  of  which 
appears  to  be,  to  exclude  as  much  as  possible  tlie  action  of  the  at- 
I’nosphere.  • 

Before  I  make  any  further  remarks  upon  Mr.  Mushet’s  theory, 
1  shall  lay  down  what  I  consider  the  objects  and  rationale  of  the 
roasting  of  ores  of  iron  previous  to  their  entrance  into  the  funiace. 
To  do  this  the  more  readily  I  shall  divide  them  into  two  classes. 

1  St.  Comprehending  those  ores  which  do  not  contain  any  percep¬ 
tible  portion  of  sulphur  or  arsenic.  2dly.  Those  ores  tvhich  are 
considerably  mineraJizedby  one  or  both. 

Now,  when  ores  of  the  first  class  are  too  large  to  be  put  into 
the  furnace  without  breaking,  and  too  liard  to  be  broken  without 
the  assistance  of  heat — tiu-y  are  roasted  ;  and  although  every  ma¬ 
nufacturer  may  not  know  the  reason  of  the  operation,  it  is  simply 
this,  thi\t  they  may  be  broken  in  smaller  pieces  and  with  less  la¬ 
bour.  The  proofof  this  is,  tliat  all  the  bog  ores  without  exception 
arc  used  raw,  aliiiough  they  contain  fully  as  much  carbonic  acid, 
water  and  oxygen  as  any  ore  whatever.  Moreover  when  moun¬ 
tain  ore  occurs  small  enough  to  do  without  breaking,  as  is  some¬ 
times  the  case,  the  operation  of  roasting  is  omitted  also.  I  have 
seen  instances  of  this  last  at  Warwick  and  Joanna  furnaces  of  this 
state,  w  here  thcy  iised  their  ore  without  any  preparation,  and  have 
myself  in  a  case  of  emergency,  had  a  considcraJ)lc  cpiantity  of  raw 
ironstone  put  into  the  furnace  without  any  bad  consequences  re¬ 
sulting  from  it.  Consequently  we  may  safely  assume  it  as  a  de¬ 
cided  fact  that  the  presence  of  water  and  carbonic  acid  in  the  ore 
has  no  injurious  effect  upon  the  operation  of  smelting. 

Let  us  on  the  other  hand  consider  ton  efaction  as  applied  to  an 
ironstone  containing  a  quantity  of  sulphur.  Here  we  shall  have 
^o  operate  upon  a  substance,  known  to  possess  a  strong  attraction 
lo  iron  in  all  proportions  from  I  to  55  per  cent,  and  in  all  tltcse 


possessing  a  bad  effect  upon  the  quality  of  the  metal,  t'he  effect 
of  the  roasting  ought  now  to  be,  not  only  to  render  the  ore  easily 
broken  as  before,  but  also  to  expel  the  greater  part  of  the  sulphur, 
in  some  measure  by  sublimation  and  chiefly  by  acidification.  In 
this  process  the  sulphur  combines  with  oxygen  sufficient  to  con¬ 
vert  it  into  sulphureous  acid,  which  is  extremely  volatile  and  which, 
does  not  act  upon  iron,  and  this  flies  off  in  vapour  producing  the 
peculiar  smell  that  proceeds  from  sulphur  when  undergoing  com¬ 
bination.  In  this  way  the  sulphur  may  in  most  cases  be  burnt 
off,  but  cannot  be  got  rid  of  by  sublimation  alone;  because  for  this 
purpose  it  would  be  necessary  that  the  air  should  be  totally  ex¬ 
cluded  and  at  the  same  time  that  a  free  passage  should  be  afforded 
to  the  sulphureous  vapour — a  combination  absolutely  im{>ossible 
without  a  radical  change  in  the  whole  of  the  present  system  of 
torrefaction. 

Upon  this  subject,  which  is  indeed  as  Mr.  Mushet  considers 
it,  fully  entitled  to  the  utmost  attention  of  the  manufacturer,  I  shall 
bring  to  my  support  the  experiments  of  M.  Guineveau  upon  dc- 
sulphuration,  by  which  it  is  plainly  shewn  that  a  free  concourse  of 
air  is  nccessaiy  to  the  process ;  and  that  it  can  neither  be  per¬ 
formed  in  close  vessels  by  the  most  carefully  conducted  distilla¬ 
tion,  nor  in  a  covered  crucible  by  the  strongest  fire.  The  Swe¬ 
dish  iron  masters’  mode  of  torrefaction  as  detailed  by  Swedenborg 
is  decidedly  in  favour  of  the  same  opinion.  Their  ores  arc  al- 
v/ays  roasted  with  dry  wood,  and  he  mentions  some  instances  in 
which  he  has  heard  of  the  process  being  repeated  three  times  in 
order  to  expel  the  sulphur.  Their  success  must  be  good,  since 
they  make  the  best  iron  in  Eumpe,  yet  they  never  exclude  the 
atmosphere ;  on  the  contrary  their  mode  of  operation  ensures  a  . 
steady  and  great  supply  of  this  important  agent,  and  the  author  I 
quote  from,  particularly  states  that  the  suffocating  odour  of  burn¬ 
ing  sulphur  (that  is  to  say  of  sulphureous  acid  gas)  is  always  very' 
perceptible  and  that  for  several  days  together  from  the  same  pile. 
Nay  even  the  British  mode  with  which  Mr.  Mushet  finds  so  much 
fault,  is  in  that  respect  tolerably  advantageous,  since  1  should 
think  tlic  swelled  and  spongy  foivn  which  the  coal  assumes  in 
coaking,  must  be  vciy  favoui’ablc  to  keeping  up  a  supply  of  air 
for  a  considerable  time  and  thus  tend  greatly  to  remove  the  real 
enemy  of  the  smelting  process— not  oxygen,  but  sulphur. 

.  If  these  principles  be  correct,  and  they  have  received  the 
stamp  of  practice  as  ^relj  as  the  setd  of  f^ientifle  investigation,  k 
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follows,  that  were  we  to  roast  a  sulphureous  ironstone  without  ad¬ 
mitting  the  air  as  Mr.  Mushet  advises,  we  should  not  get  rid  of  the 
sulphur  at  all,  that  small  portion  excepted  which  might  be  able 
to  make  its  way  through  his  nearly  impenetrable  covering  of  pit 
coal  coak  dust,  and  thus  instead  of  improving  upon  the  process 
in  common  use,  we  should  really  substitute  one  incomparably 
worse :  a  mode  indeed,  where  the  ore  is  very  sulphureous,  which 
would  alone  be  fully  sufficient  to  frustrate  every  future  operation — 
to  ruin  the  undertakers  and  cast  disgrace  upon  the  undertaking. 

To  sum  up  the  whole  of  what  has  been  stated,  I  should  com¬ 
prise  it  in  the  following  rules,  viz  : 

That  when  the  ore  contains  neither  sulphur  nor  arsenic  it  caw- 
not  contain  any  other  principle  which  requires  the  process  of  tor- 
refaction  for  its  expulsion.  Therefore,  I'kat  when  the  ore  is  not 
mineralized  and  does  nut  require  pounding,  roasting  is  unnecessa¬ 
ry.  That  when  it  is  not  mineralized  and  docs  require  to  be  pound- 
edf  ft  matter  for  that  purpose  how  the  heat  is  applied,  whe¬ 
ther  with  ail-  or  without  it.  That  when  the  ore  is  mineralized, 
whether  it  needs  pounding  or  not,  it  must  be  torrefied,—- and  that 
in  this  latter  case,  air  is  not  only  not  prejudicial  but  absolutely  ne¬ 
cessary  for  the  purpose. 

There  is  yet  one  part  of  this  subject  which  demands  notice  and 
that  is  the  degree  to  which  the  heat  should  be  raised  in  the  process 
of  torrefaction.  The  importance  of  this  circumstance  also  de¬ 
pends  in  a  great  measure  upon  sulphur.  When  this  injurious 
substance  is  present,  the  heat  should, be  long  continued,  and  must 
not  be  so  great  as  to  fuse  the  ore.  When  the  ore  contains  no  sul¬ 
phur,  it  i^no  longer  of  so  much  consequence,  except  that  it  is  a 
waste  of  combustibles  in  the  pile  and  of  some  small  quantity  of  coal 
in  the  furnace.  The  reasons  for  this  opinion  arc  I  conceive  as  fol¬ 
lows.  * 

It  is  generally  found,  at  least  throughout  the  argillaceous 
species  of  ores,  that  sulphur  is  chtmically  combined  with  a  small 
portion  of  the  iron,  in  the  state  of  pyrites,  but  only  mechanically 
combined  with  the  great  body  of  tlie  ironstone.  Now  the  united 
effect  of  heat  and  air,  is  to  expel  this  sulphur  in  the  form  of  sul¬ 
phureous  acid  gas,  so  long  as  the  ore  is  not  heated  to  the  fusing 
point.  But  as  soon  as  this  is  the  case,  the  surface  becoming  glazed, 
denies  a  passage  inwards  to  the  air,  and  oiitwai*ds  to  the  sulphure¬ 
ous  vapour,  and  the  chemical  combination  which  before  existed 
only  in  a  small  part,  becomes  extended  through  the  wholcv  maso. 
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thus  chang;iiig  the  metallic  portion  of  tlic  ore  into  a  sub>sulphuret 
of  iix)n.  The  ore  in  this  state  is  conveyed  to  the  furnace  and 
thrown  into  a  situation  where  scarcely  a  particle  of  free  oxygen 
can  be  conveyed  to  it,  until  it  has  descended  nearly  its  whole  dis¬ 
tance,  and  where  of  course  it  has  but  little  chance  of  losing  any 
portion  of  its  sulphur  except  what  the  hydrogen  of  the  charcoal 
may  dissolve  and  dissipate.  The  greater  part  therefore,  una¬ 
voidably  remains  in  combination  to  the  last,  changing  nearly  the 
whole  into  cinJer  and  debasing  to  the  most  worthless  degree  the 
small  portion  of  iron  which  can  under  such  circumstances  be  pro¬ 
duced.  from  it.  In  the  assay  crucible  1  have  found  the  effect  ex¬ 
actly  similar,  when  the  flux  used  was  properly  adapted  to  support 
the  analogy  between  the  small  and  the  large  way  of  operating. 
The  effect  of  Mr.  Mushet’s  proportions  of  flux,  and  the  reasons 
why  those  proportions  have  probably  led  to  such  erroneous  infer¬ 
ences  will  come  more  methodically  before  us  in  a  future  pa¬ 
per. 

The  injurious  effects  of  too  great  a  degree  of  heat  on  an  iron¬ 
stone  which  does  not  contain  sulphur,  are  simply  that  it  wastes 
fuel  unnecessarily— that  the  ore  is  afterwards  less  easy  to  pound 
than  if  properly  roasted — and  lastly,  that  the  increased  density 
and  hardness  of  the  mass  makes  it  probably  more  difficult  for  the 
vapour  of  cementotion  to  pervade,  and  this  contraction  I  have 
generally  attributed  to  the  large  proportion  of  clay  with  which 
these  ores  are  always  united. 

Thus  it  is  best  in  all  cases  that  the  ore  should  not  be  fused. 
But  'with  a  sulphureous  ore  this  circumstance  is  of  the  greatest 
importance.  Sulphur,  and  nothing  else  will  account  for  the  dif¬ 
ference,  nor  can  I  perceive  that  oxygen  has  any  thing  to  do  with 
it.  • 

The  relation  which  the  magnetic  property  bears  to  the  value 
and  richness  of  iron  ores,  and  the  reasons  why  torrefaction  exhibits 
this  property  in  so  remarkable  a  degree,  will  form  the  subject  of 
my  next  communication.  J.  H.  H. 

Remarks  by  the  Editor* 

The  preceding  paper  is  well  worth  attention  on  a  very  impor¬ 
tant  part  of  the  process  of  smelting  iron  ores. 

The  ores  of  iron,  appear  as  ores  and  not  as  pure  iron,  in  con¬ 
sequence  of  the  iron  contained  in  them  being  combined,  with  sul¬ 
phur  or  arsenic  orbotli— or  with  oxygen  in  various  proportions  or 
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with  carbonic  acid.  The  salts  of  iron,  arc  riot  used  as  ores.  The 
combination  of  iron  with  phosphorus  or  its  acid,  I  consider  as  too 
uncertain  to  be  noticed.  To  reduce  these  ores  to  iron,  the  sul¬ 
phur  or  arsenic,  the  oxygen,  the  carbonic  acid,  must  be  driven  off. 
This  is  done  by  means  of  heat  and  charcoal,  whether  of  wood  as 
in  this  country,  or  of  fossil  coals  in  England. 

When  ores  are  roasted  previous  to  smelting,  with  a  heat  not 
exceeding  a  red  heat,  they  are 

1st.  Rendered  more  friable:  more  easily  broken. 

2d.  Sulphur  and  arsenic  if  combined  in  them,  arc  driven  off, 
partly  in  the  form  of  sulphur  and  white  arsenic,  and  toward  the 
close  of  the  operation  the  sulphur  is' acidified  by  the  air,  and  flies 
off  in  the  form  of  a  suffocating  sulplmreous  acid  gas. 

3d.  By  heat  also,  the  carbonic  acid  gas  is  partly  driven  off 
during  roasting.  Hence  by  roasting  with  coal  dust,  a  part  of  the 
operations  of  the  smelting  furnace  are  forestalled  by  means  of  a 
cheap  fuel  :  and  where  the  ores  contain  sulphur  this  is  more  ef¬ 
fectually  driven  off  by  roasting  in  the  open  air,  than  it  could  be  in 
the  furnace,  where  its  escape  would  be  perpetually  intercepted  by 
the  great  body  of  ore,  fuel,  and  flux. 

I  believe  itto  be  true,  that  the  last  portions  of  sulphur  must  be 
driven  off  by  being  acidified  in  contact  with  atmospheric  air :  but 
where  the  ore  is,  as  it  generally  is,  merely  an  oxyd,  or  an  oxydule, 
I  have  no  doubt  but  the  oxygen  is  encreased  instead  of  being  di¬ 
minished,  by  roasting,  unless  plenty  of  charcoal  dust  be  used ; 
which  by  yielding  carbon,  converts  the  oxygen  of  the  ore  into  car¬ 
bonic  acid.  That  iron  in  a  red  heat  will  greedily  imbibe  oxygen 
from  the  atmosphere,  no  one  who  has  seen  finery  cinder,  or  the 
scales  of  a  common  blacksmith's  shop,  can  doubt  (I  think)  for  a 
moment.  Nor  can  the  iron  be  oxygenated  to  the  utmost,  without 
ignition,  as  any  one  may  see  by  exposing  yellow  ochre  to  heat  till 
it  becomes  red  ochre,  which  is  a  peroxyd. 

Hence,  where  the  iron  is  sulphurated,  my  correspondent's  re¬ 
marks  apply  fully,  and  they  are  important.  Where  the  ore  is  a 
mere  oxyd,  not  perfectly  saturated  with  oxygen,  as  the  case  gene¬ 
rally  is,  I  think  the  roasting  with  plenty  of  charcoal  dust,  and  stop¬ 
ping  the  operation  rather  before  the  charcoal  dust  is  consumed,  is 
the  proper  method  to  be  adopted ;  for  if  the  oxygen  of  the  ore  be* 
in  great  measure  driven  oft*  by  roasting,  it  will  certainly  be  re¬ 
stored,  if  the  ore  be  exposed  to  the  action  of  the  air  in  a  red  heat 
after  the  charcoal  is  consumed. 
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So  far  as  I  know,  the  Tnag;netic  qualiti^  of  iron  or  iron  ore, 
have  little  or  no  practical  effect  in  the  operation  of  smelting.  We 
Know  too  little  as  yet  about  magnetism,  to  draw  practical  infer¬ 
ences. 

It  seems  to  me  of  no  consequence  whether  the  argillaceous 
part  of  the  common  iron  ore  be  hardened  or  not  by  roasting.  The 
earth  must  be  converted  into  glass  in  the  furnace,  or  the  iron  will 
not  be  obtained.  The  action  of  the  lime  on  the  clay  is  the  same, 
whether  this  latter  be  hard  or  soft.  Let  it  be  remembered,  that  in 
a  very  great  degree  the  art  of  pottery,  the  art  of  glass  making, 
and  the  art  of  smelting  depends  on  this  fact,  viz. 

Put  into  a  crucible  a  round  lump  of  pure  clay :  into  another,  a 
similar  lump  of  pure  lime  or  even  limestone  :  into  another  a  simi¬ 
lar  lump  of  pure  flint,  silex,  or  quartz.  Expose  them  for  any 
length  of  time  to  a  violent  heat,  they  will  continue  as  at  first,  clay, 
lime,  and  dint,  except  where  the  sides  are  in  contact  with  the 
crucible.  Pound  them  together,  and  put  them  in  one  crucible ; 
expose  them  to  heat  for  the  same  time,  and  the  product  will  bo 
perfect  glass.  As  potass  will  dissolve  silex,  it  may  be  substituted 
for  lime.  T.  C. 


SELTZER  WATER. 

PuiLADELFEXA,  Feb.  1814. 

Bear  iSir— In  a  note  to  your  edition  of  Accum’s  Chemistry,  I 
find  that  you  mention  a  contrivance  of  Mr.  Cloud  for  preparing 
what  is  commonly  called  mineral,  but  more  properly  aerated  wa¬ 
ter,  or  for  saturating  water  with  carbonic  acid  gas.  It  may  not  be 
improper  to  notice,  for  the  information  of  your  readers,  that  al¬ 
though  the  plan  would  appear  very  economical,  and  answer  the 
purpose  completely,  yet  the  truth  is,  that  with  an  apparatus  made 
according  to  Mr.  Cloud’s  direction,  (in  a  superior  style,  which 
cost  g  40)  the  saturation  was  difficult  to  effect  to  that  degree  equal 
to  the  machine  with  the  forcing  pump.  Mr.  C.  from  his  own,  as 
well  as  from  the  evidence  of  Messrs.  Patterson  and  Eckfeldt  of 
the  U*  States*  mint,  prepared  aerated  water  with  his  apparatus  ; 
I.ut  wth  the  one  made  by  Mr.  Glentworth  and  myself,  no  satura^ 
cti’.erthan  an  impregnation  could  be  effected.  We  followed 
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the  directions  of  Mr.  Cloud  in  every  particular,  and  in  order  to 
secure  success,  we  procured  two  powerful  screws,  and  an  iron 
head ;  the  latter  was  adapted  the  moment  the  vessel  containing  the 
chalk  and  diluted  sulphuric  acid  was  put  in. 

Dt9crifiti9n  of  the  afifiaratua. — In  order  to  understand  the  plan 
more  fully,  wc  subjoin  the  following  figure,  which  may,  probably, 
lead  to  some  improvement,  which  would  obviate  our  objectlpuv. 


The  vessel  wc  had  made,  was  of  strong  oak,  with  staves  of  1 J 
inches  in  thickness,  of  the  figure  of  a  churn,  as  A  and  contained 
about  18  gallons.  At  6,  is  a  partition  made  in  the  vessel,  at  the 
time  it  was  formed.  At  c,  is  a  hole  of  about  two  inches  diameter 
with  a  wooden  pipe  c,  to  screw  it  in  or  out  at  pleasure.  At  d,  there 
is  a  circular  iron  head  made  to  fit  on  the  top  of  the  vessel  A,  under 
which  is  placed  thick  paper  before  the  head  is  screwed  on  by 
the  screws  g.  g  At  A,  is  a  wooden  piece  made  of  thick  plank 
perforated  at  the  ends,  so  as  to  admit  the  iron  bars  e.  e.  which  arc 
fastened  to  a  plank  at  bottom  k,  k.  At  i,  is  an  aperture  for  a  stop¬ 
cock  to  let  out  the  water.  The  distance  from  b.  to  the  top,  is  about 
one-third  of  the  length  of  the  cask. 

The  Ofieration,  The  vessel  A,  is  filled  with  river  water  to 
within  an  inch  of  b.  The  pipe  c.  is  then  screwed  in  ;  a  vessel  of 
stone-ware  holding  about  two  quarts,  is  then  provided,  in  which  it 
put  one  pound  of  chalk  in  small  lumps,  and  a  diluted  mixture  of 
sulphuric  acid  in  the  proportion  of  6  oimces  to  one  pint  of  water. 
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The  vessel  thus  prepared,  is  set  on  A,  in  the  vessel,  and  the  top  is 
screwed  on  immediately.  In  the  course  of  three  hours,  the  water 
in  the  vessel  may  be  let  off.  The  saturation  or  impregnation  will 
be  found  to  equal  the  water  made  in  Nooth's  machine.  But  Mr. 
Cloud  says,  that  the  strength  of  water  made  in  his  apparatus  was 
equal  to  that  prepared  by  the  assistance  of  the  forcing  pump, 
which  is  a  costly  and  an  expensive  mode.  I  intend  to  have  a  pipe 
to  run  from  c.  to  the  bottom  of  the  vessel,  so  that  the  gas  may  pass 
through  the  water,  in  its  ascent  from  the  bottom.  It  is  plain  that 
the  pressure  is  given,  by  confining  the  gas  in  a  small  compass, 
and  the  necessity  it  is  under  of  combining  with  the  water,  or  of 
breaking  the  apparatus.  To  avoid  the  latter,  the  vessel  should 
be  strong  and  -jwell  made.  On  ours,  we  had  15  iron  hoops.  I 
hope,  that,  on  birther  trial,  the  apparatus  may  be  found  to  super¬ 
sede  the  complicated  one  with  the  forcing  pump,  and  the  glass 
one  of  Mr.  Nooth. ' 

As  to  the  aerated  waters  generally,  I  am  of  opinion,  that  every 
family  should  have  an  apparatus  of  the  kind,  in  order  to  make 
them  at  any  time  ;  for  the  purpose  of  medicine,  and  salutary  beve¬ 
rage.  I  found  them  in  a  recent  complaint  of  more  service  than 
any  other  preparation.  Owing  to  extreme  debility,,  no  medicine 
or  food  would  stay  on  my  stdmach  until  I  drank  the  seltzer  and 
soda  waters  ;  and  I  am  of  opinion,  that  by  their  use,  sickness  may 
be  avoided,  and  of  course  health  preserved. 

I  am  sir,  your’s,  &c.  JAS.  CUTBUSH. 

T.  Coofier,  Esq. 

Remarks  by  the  Editor. 

Mr.  Cloud’s  and  professor  Patterson’s  machine  for  making 
seltzer  water,  I  saw  in  operation  at  the  mint.  The  water  was 
strongly  impregnated  with  carbonic  acid,  and  sufficiently  so.  I  had 
one  made  on  the  same  plan  a  few  months  afterward ;  but  I  could 
never  succeed  in  making  the  water  sufficiently  aerated.  I  shew¬ 
ed  mine  to  an  intelligent  man  of  this  city,  Mr.  Jones,  who  wished 
to  make  the  seltzer  and  soda  waters  for  sale.  He  had  one  made 
lately  with  every  precaution,  but  his  too  did  not  succeed.  Certain¬ 
ly  the  principle  and  the  plan  of  Mr.  Cloud’s  machine  arc  very 
simple  and  in  theory  suflicicntly  efficacious,  but  I  am  at  a  loss  to 
discover  what  our  want  of  success  is  to  be  ascribed  to,  unless  it  be 
to  defect  in  workmanship.  T.  C. 
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COLOURED  FLAMES. 

The  colours  of  the  flame  produced  by  burning  cotton  dipt  in 
some  of  the  neutral  salts  in  spirit  of  wine. 


J^eutral  Salts. 

Muriates  of  Soda 

Ammonia 

Lime 

Magnesia 

Barytes 

Strontian 

Allum 

Iron 

Manganese 

Tin 

Copper 

Iron  and  Strontian 
Acctites  of  Iron 
Lead 
Aluminc 

Nitrates  of  Potash 
Soda 
Lime  - 
Lead 

,  Bismutli 

Silver 

Splphatsof  Iron 

Copper 

Zinc 

Magnesia 

Nitro-Muriat  of  Platina 
Chromat  of  Potash 
Prussiat  of  Potash 


Colours  of  their  jiarrets.. 
Bright  yellow. 

Brownish  yellow. 

Red  yellow  (Deep.) 

Red  yellow. 

Pale  yellow. 

Deep  red. 

Reddish. 

Sparkling  yellow. 

Sparkling  red-yellow. 

Pale  bluish. 

Green  with  yellow, 
ian  Sparkling  reddish. 

-  Reddish  yellow. 

Bright  red  yellow. 

Beautiful  purple  yellow. 
Beautiful  purple. 

Beautiful  reddish  yellow. 
Beautiful  reddish  yellow. 

Red  yellow. 

-  Red  yellow. 

Reddish  yellow. 

Reddish  yellow. 

Green. 

Reddish  yellow. 

Reddish  yellow. 

Yellow. 

Purplish  red. 

Reddish  yellow. 

JOHN  TYLER  LINTON, 

Dickinson  Coliej^c, 


Mr.  Hord,  of  Virginia,  one  of  my  chemical  students  at  Dickin¬ 
son  College,  has  lately  taken  out  a  patent  for  facilitating  the  crys** 
tallization  of  salt,  by  the  application  of  a  vacuum.  About  one* 
tllird  of  the  fuel  is  saved,  as  is  said.  T.  C. 
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WEAVING.  ' 


The  Rev.  Edward  Cartwright.  fFeaving  by  Machine* 
ry  :  Patents.  Poetry. 

I  have  already  introduced  this  Gentleman  to  my  readers,  as  the 
inventor  of  a  new  method  of  giving  rotatory  motion  in  a  steam  en¬ 
gine— as  the  inventor  of  a  new  method  of  keeping  the  piston  in 
close  contact  with  the  internal  surface  of  the  working  cylinder — 
as  the  inventor  of  a  new  method  of  condensing  steam  by  a  large 
furface  of  thin  metallic  plates,  exposed  to  the  action  of  cold  water 
within  and  without ;  an  invention  that  will  continue  to  be  applied 
as  I  think,  in  all  future  improvements  on  the  steam  engine. 

I  have  introduced  him  to  my  readers  as  the  inventor  of  weaving 
by  water-power  or  by  steam.  Some  time  al)OUt  the  year  1791,  his 
first  experiment  (near  Castlefield  in  Manchester)  of  weaving  by 
means  of  steam  succeeded  so  well,  that  it  was  set  on  fire  after 
having  continued  in  operation  about  two  months.  A  few  years 
ago,  the  parliament  of  England,  granted  him  a  further  term  for 
his  patent,  but  I  have  not  heard  whether  the  principle  is  yet 
brought  into  extensive  operation.  It  is  with  difficulty  and  ma¬ 
nagement  that  machinery^can  now  be  introduced  into  that  kingdom, 
if  it  suddenly  interferes  with  the  employment  of  the  poor.  The 
risings  of  the  populace  against  the  new  invented  stocking  loom,  a 
year  or  two  ago,  is  a  proof  of  this.  These  stocking  looms  I  hear 
are  now  manufactured  in  New  York  ;  information  of  which  I  re¬ 
quest  my  readers  to  take  notice. 

Looms  for  weaving  f^lain  goods  without  the  aid  of  a  professed 
weaver,  by  the  power  of  horses,  of  water,  or  of  steam,  are  now  in 
full  use  near  Boston.  Some  time  ago,  I  saw  at  Harrisburgh  a 
loom  of  this  kind,  in  which  the  shuttle  was  thrown  and  the  treadles 
worked  by  a  very  simple  motion  that  might  be  given  by  the  hand 
or  by  any  kind  of  machinery  that  could  communicate  an  impulse 
to  and  fro.  I  understood  that  a  Mr.  Janes  had  obtained  a  patent 
for  this  invention.  I  can  bear  testimony  that  looms  were  driven 
by  steam  power  about  the  year  1791  in  Manchester.  It  seems  to 
me  a  kind  of  speculation  in  the  Eastern  states,  to  look  over  the  Re¬ 
pertory  of  arts,  and  to  take  out  patents  for  English  inventions,  and 
sell  the  patent  rights  to  the  more  careless  and  credulous  ma¬ 
nufacturers  in  the  Southern  states.  But  I  wdsh  it  were  recollect¬ 
ed,  that  by  the  laws  of  the  United  States,  no  patent  can  be  legally 
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•hlained  for  an  invention  already  invented :  no  man  can  legally 
obtain  a  patent  under  our  federal  laws,  for  merely  introducing  a 
process  or  machine  invented  elsewhere.* 

To  the  best  of  my  recollection,  neither  in  Mr.  Cartwright’s  or 
in  Mr.  Janes’s  loom  was  there  any  contrivance  that  the  work 
should  stop  when  a  thread  broke.  While  the  thread  continued 
whole  in  the  shuttle,  the  work  was  good ;  but  when  it  broke,  and  a 
boy  was  not  at  hand  to  stop  the  motion,  the  work  went  on  indeed, 
but  was  defective.  This  defect  I  saw  obviated  by  a  very  ingeni¬ 
ous  contrivance  in  a  loom  constructed  by  Mr.  Siddal,  and  at  work 
about  5  or  6  miles  from  Philadelphia,  at  the  Calico  printing  works, 
near  the  old  York  Road.  For  this  invention  I  believe  Mr.  Siddal 
has  obtained  a  patent,  and  the  inventor  of  it  certainly  deserves  one. 

The  most  profitable  (that  is  permanently  profitable)  manufac¬ 
ture  any  person  can  enter  into  in  this  country  at  the  present  time, 
is  an  establishment  that  should  combine  the  carding,  the  spinning 
of  cotton — the  weaving  by  looms  similar  to  those  mentioned  above, 
•f  plain  calicoes,  shirtings,  sheetings  and  table  cloths— the  new 

*  Extract  of  a  letter  from  a  friend.  **  You  may  have  noted  that  the 
tent  board,  while  it  existed,  had  proposed  to  reduce  their  decisions  to  a  sys¬ 
tem  of  rules  aa  fast  as  the  cases  presented  should  furnish  materials.  They 
had  done  but  little  when  the  business  was  turned  over  to  the  courts  of 
justice,  on  whom  the  same  duty  has  now  devolved.  A  rule  has  occurred  to 
me  which  I  think  would  reach  many  of  our  cases,  and  go  far  towards  ser 
curing  the  citizen  against  tlie  vexation  of  frivolous  patents.  It  is  to  consider 
the  invention  of  any  new  mechanical  power,  or  of  any  new  combination  of 
the  mechanical  powers  already  known,  as  entitled  to  an  exclusive  grant ;  but 
that  the  purchaser  of  the  right  to  use  the  invention,  should  be  free  to  apply 
it  to  every  purpose  of  which  it  is  susceptible.  For  iostance,  the  combination 
*  of  machinery  for  threshing  wheat  should  be  applicable  to  the  threshing  of 
rye,  oats,  beans,  &c.  the  spinning  machine  to  every  thing  of  which  it  may  bo 
found  capable  :  the  chain  of  Buckets,  of  which  we  liave  been  possessed 
thousands  of  years,  we  should  be  free  to  use  for  raising  water,  ore,  grains, 
meals,  or  any  thing  else  we  can  nuke  it  raise.  These  rights  appear  suf¬ 
ficiently  distinct,  and  the  distinction  sound  enough  to  be  adopted  by  the 
judges,  to  whom  it  could  not  be  better  suggested  titan  through  the  medium 
of  the  Emporium,  should  any  future  paper  of  that  work,  furnish  place  for 
the  hint.*' 

1  have  nq^  doubt  whatever  of  the  justice  of  Uiese  ideas,  or  of  the  propriety 
of  adopting  them. ,  T.  C. 
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invented  stockinjj  loom — and  printing  in  single  colours  engraved 
patterns  by  roller  work.  Such  an  establishment  should  peace 
come  to-morrow,  under  protecting  duties  of  25  per  cent,  must 
succeed  so  as  to  satisfy  any  reasonable  wishes.  Remember,  at 
present  cotton  is  our  staple  :  the  day  is  fast  approaching  when  we 
shall  even  become  exporters  of  woo/  as  a  raw  material.  The  peo¬ 
ple  of  this  country  are  not  aware,  that  we  shall  never  conquer  Eng¬ 
land  but  by  means  of  our  manufactures.  To  this  mode  of  warfare, 
they  are  driving  us  with  all  their  might ;  and  it  is  not  too  much  to 
apply  to  them,  Quern  Deus  vult  perdere,  prius  dementat. 

By  the  inventions  above  mentioned,  the  greatest  of  all  our  dif¬ 
ficulties  in  the  manufacture  of  cotton  gootls,  viz.  the  scarcity  of 
weavers,  is  now  obviated  ;  and  I  hope  the  information  here  given 
will  spread  and  be  made  use  of. 

Having  introduced,  the  Rev.  Mr.  Cai'twright  (not  major  Cart¬ 
wright  the  Duke  of  Richmond’s  correspondent — the  persevering 
advocate  of  a  parliamentary  reform,  who  will  never  live  to  see  the 
persons  in  power  refoim  their  own  abuses)  as  an  inventor  of  steam 
engines  and  of  looms  worked  by  machinery,  I  now  introduce  the 
same  Gentleman,  as  a  physician  and  a  poet,  the  last  character  be¬ 
ing  the  earliest  in  which  he  received  the  well-merited  reward  of 
public  approbation. 

His  proposal  of  curing  typhus  and  typhoid  disorders,  by  tjeatt, 
as  the  vehicle  of  wine  and  bark,  deserves  more  trial  than  it  has  I'C- 
ccived.  Dr.  Pcrcival  and  Mr.  Henry  of  Manchester  used  it  fre¬ 
quently,  and  commended  it  highly  :  they  used  yeast  also  as  an  ap¬ 
plication  to  ill  conditioned  ulcers,  with  good  success ;  though  I 
suspect,  that  of  local  applications  of  this  nature,  Mr.  Walker’s  car¬ 
rot  poultice  is  one  of  the  most  efficacious.  I  am  persuaded  how¬ 
ever  that  much  may  be  done  in  those  disorders  also  by  oxygen,  by 
nitrous  oxyd,  and  by  oxymuriat  of  potash  and  soda.  The  gasses 
have  not  yet  had  fair  play  as  medicines  :  the  failure  of  Dr.  Bed- 
does  and  Mr.  Watt  in  Pthisis,  produced  something  like  a  preju¬ 
dice  against  them  :  though  the  cases  of  Dr.  Thornton  surely  de¬ 
serve  repetition. 

I  insert  the  poem  of  Armine  and  Elvii*a,  because  I  do  not  re¬ 
collect  that  it  has  been  published  in  this  country :  because  at 
any  rate,  it  is  little  known :  because  it  contains  some  images  so 
beautiful,  as  haidly  to  be  excelled  in  the  whole  range  of  descrip- 
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live  poetry  :  and  because  the  elegant  acquirements  of  a  gentleman 
so  eminent  for  mechanical  improvements,  well  deserve  to  be  gene¬ 
rally  known.  T.  C. 

On  the  cjficacij  of  Yeast  in  the  cure  of  those  diseases 
known  by  the  name  of  Putrid.* 

A  remedy,  which  contains  much  fixed  air,  *  lias  been  lately 
started  by  the  Rev.  Mr.  Cartwright,  which  merits  the  highest  at¬ 
tention.  Scventecii  years  ago,  says  this  gentleman,  I  went  to  re¬ 
side  at  Brampton,  a  very  populous  village  near  Chesterfield.  I  had 
not  been  there  many  months  before  a  putrid  fever  broke  out  among 
us  :  finding  by  far  the  greater  number  of  my  new  parishoners 
much  too  poor  to  afford  themselves  medical  assistance,  I  under¬ 
took,  by  the  help  of  such  books  on  the  subject  of  medicine  as  were 
in  my  possession,  to  prescribe  for  them.  I  early  attended  a  boy 
about  foilrtecn  ycai  s  of  age  who  was  attacked  by  this  fever ;  he 
had  nut  been  iil  many  days  before  the  symptoms  were  unequivocal¬ 
ly  putrid.  1  then  administered  bark,  wine,  and  such  other  reme¬ 
dies  as  my  liook  directed.  My  exertions,  however,  were  of  no 
avail  ;  his  disorder  grew  every  day  more  untraclablc  and  malig¬ 
nant,  so  that  I  was  in  hourly  expectation  of  his  dissolution.  Being 
under  the  absolute  necessity  of  taking  a  journey, — before  I  set  off 
I  went  to  see  him,  as  I  thought,  for  the  last  time,  and  I  prepared 
his  parents  for  the  event  of  his  death,  which  I  considered  as  inevi¬ 
table,  and  reconciled  them  in  the  best  manner  I  could  to  a  loss 
which  I  knew  they  would  feel  severely.  While  I  was  in  conver¬ 
sation  on  this  distressing  subject  with  his  mother,  I  observed  in 
a  corner  of  the  room  a  small  tub  of  wort  working ;  the  sight 
brought  to  my  recollection  an  experiment  I  had  somewhere  met 
with,  of  a  piece  of  putrid  meat  being  made  sweet  by  being  sus¬ 
pended  over  a  tul)  of  wort  in  the  act  of  fermentation.  The  idea 
instantly  flashed  into  my  mind  that  the  yeast  might  correct  the 
putrid  nature  of  tliis  disease,  and  I  instantly  gave  him  two  large 
spoonfulls.  1  then  told  the  mfUher,  if  she  foTind  her  son  better,  to 
repeat  this  dose  every  three  hours.  I  then  set  out  on  my  journey  ; 

*  The  contents  of  Lids  arlirle  c«nnot  l>c  too  generully  known.  How  maiiy 
v.duable  lives  are  y^.wly  lost  by  ptitrid  sore  throats,  fevers,  &.c.  which  tniglit 
be  saved  to  the  conimnnlty,  and  to  their  reUlive-*,  if  t!>e  cure  here  ireuin-, 
mended  were  gcr'.erally  known  aiul  lusorteJ  tot  with  proper  niedical  a'.d, 
however,  where  it  can  be  !»ad.  Ardmr 
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upon  my  return,  after  a  few  days,  I  anxiously  inquired  about  Ire 
boy,  and  was  informed  he  was  recovered.  I  could  not  repress  my 
curiosity :  though  I  was  greatly  fatigued  with  my  journey,  and 
night  was  come  on,  I  went  directly  to  where  he  lived,  which  was 
three  miles  off,  in  a  wild  part  of  the  moors ;  the  boy  himself  open¬ 
ed  the  door,  looked  surprisingly  'well,  and  told  me  he  felt  -belter 
from  the  instant  he  took  the  yeast. 

After  I  left  Brampton  I  lived  in  Leicestershire  :  my  parishion¬ 
ers*  being  few  and  opulent,  I  dropped  my  medical  character  en¬ 
tirely,  and  would  not  even  prescribe  for  any  of  my  own  family. 
One  of  my  domestics  falling  ill,  accordingly  the  apothecary  was 
sent  for ;  his  complaint  was  a  violent  fever,  which  in  its  progress 
became  putrid :  having  great  reliance,  and  deservedly,  on  the 
apothecary’s  penetration  and  judgment,  the  man  was  left  solely  to 
his  management. 

His  disorder,  however,  kept  daily  gaining  ground,  till  at 
length  the  apothecary  considered  him  in  very  great  danger ;  at  last, 
finding  every  effort  to  be  of  service  to  him  baffled,  he  told  me  he 
considered  it  as  a  lost  case,  and  that,  in  his  opinion,  the  man  could 
not  survive  four-and-twenty  hours.  On  the  apothccaiy  thus  giving 
him  up,  I  determined  to  try  the  effects  of  yeast.  I  gave  him  two 
large .  table  spoonfulls ;  in  fifteen  minutes  from  taking  the  yeast, 
his  pulse,  though  still  feeble,  began  to  get  composed  and  full.  He 
in  thirty-two  minutes  from  his  taking  the  yeast  was  able  to  get  up 
from  his  bed  and  walk  in  bis  room.  At  the  expiration  of  the  se¬ 
cond  hour  I  gave  him  a  bason  of  sago,  with  a  good  deal  of  lemon, 
wine,  and  ginger  in  it ;  he  ate  it  with  an  appetite  :  in  another  hour 
I  repeated  the  yeast ;  an  hour  afterwards  I  gave  the  bark  as  before  ; 
at  the  next  hour  he  had  food ;  next  he.  had  another  dose  of  yeast, 
and  tlien  went  to  bed  ;  it  was  nine  o’clock.  I  went  to  sec  him  the 
next  morning  at  six  o’clock ;  he  told  me  had  had  a  good  night, 
and  Avas  recovered.  I,  however,  repeated  the  inedicine,  and  he 
was  able  to  go  about  his  business  as  usual.  . 

About  a  year  after  lliis,  as  1  was  riding  past  a  detached  farm- 
liouseatthe  outskirts  of  the  village,  I  observed  a  farmer’s  daugh¬ 
ter  standing  at  the  door,  apparently  in  great  affliction  ;  on  inqui¬ 
ring  into  tiie  cause  of  her  distress,  she  told  me  her  father  was 
dying.  I  dismounted,  and  went  into  the  house  to  see  him. 

1  found  him  in  the  last  stage  of  a  ptitrid  fever;  his  tongue  was 
black,  Ids  pulse  was  scarcely  jjcrccptible,  and  he  lay  stretched  out, 
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procured  some  yeast,  which  I  diluted  with  water,  and  poured  it 
down  his  throat.  I  then  left  him,  with  little  hopes  of  recovery. 

I  returned  to  Kim  in  about  two  hours,  and  found  him  sensible,  and 
able  to  converse.  I  then  gave  him  a  dose  of  bark  ;  he  aftcrw’ards 
took,  at  a  proper  interval,  some  refreshment ;  I  staid  w  ith  him  till 
he  repeated  the  yeast,  and  then  left  him,  with  directions  how  to 
proceed.  I  called  upon  him  the  next  morning  at  nine  o'clock, 
and  found  him  apparently  well,  walking  in  his  garden :  he  was  an 
old  man  upwards  of  seventy. 

I  have  since  administered  the,  yeast  to  above  fifty  persons  la¬ 
bouring  under  putrid  fevers ;  and,  what  is  singular,  continues  this 
benevolent  clergyman,  “  I  have  not  lost  one  patient.” 

Dr.  Thornton,  whose  opportunities  have  been  great  in  putri4 
fevers,  having  the  superintendance  of  a  dispensary*  which  in¬ 
cludes  the  poor  of  nine  parishes,  and  is  situated  in  the  vicinity  oi' 
Si.  Giles’s,  has  made  frequent  trials  of  peast,  and  speaks  highly 
in  its  praise. 

One  day,  says  the  Rev.  Mr.  Townsend,  by  accident,  as  Dr. 
Thornton  w'ent  past  a  shopf  in  Tottenham-Court-Road,  he  heard 
the  screams  of  a  mother  who  was  agonized  on  seeing  her  child,  as 
he  thought,  expire.  These  screams  renewed  the  struggles  of 
the  child,  and  the  nurse  who  attended  threatened  to  take  aw'ay  at 
this  moment  the  child,  that  it  might  die  in  quiet.  Dr.  Thornton 
got  dow  n  immediately  some  tartar  emetic,  w'hich  quickly  acted  as 
a  vomit ;  and  after  the  operation  w'as  over  he  gave  rhubarb,  which 
cleared  the  intestines ;  he  then  ordered  the  child,  every  two  hours, 
yeast  and  water,'  with  wine  and  bark,  and  in  three  days  the  dying 
child  was  up  and  well. 

The  infection  had  spread  to  two  others  in  the  same  house :  in 
this  child,  apd  in  another,  the  putrid  fever  was  attended  with  swell¬ 
ed  glands,  which  suppurated,  and  threatened  gangrene :  in  a  ro¬ 
bust  servant  girl  it  t<x)k  the  form  of  a  dreadful  putrid  sore  throat ; 
she  had  an  emetic,  and  afterwards  some  rhubarb,  then  yeast  and 
w’atcr  every  two  hours.  The  first  effect  of  this  newly  discovered 
remedy  was  that  of  rendering  the  pulse  fuller,  and  fifteen  beats 
less  in  a  minute,  and  her  black  tongue  soon  assumed  a  clean  a<id 
red  appearance :  without  bark  or  wine  she  was  speedily  reco¬ 
vered. 

♦ 

In  Dr.  Reddocs’s  Considerations  there  are  the  following  cures:. 
Mr.  Caldwell,  engraver,  (as  Dr.  Tliorntojuc ports,)  requested  him 

■*  'I’he  Ccr.ei^al  V.ispens^iry,  ^  ^Tr  BMrford's, 
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to  go  into  Green-street,  Lcicesterfields,  to  attend  Mr.  Hatiril,  who^ 
he  said,  it  was  supposed  would  not  outlive  the  day.  I  found  him 
labouring  under  a  dreadful  putrid  sore  throat ;  the  tongue  was 
black  and  thick  coated,  and  the  pulse  quick  and  fluttering  :  evacu¬ 
ations  being  first  premised,  yeast  and  bark  in  porter  were  exhibit¬ 
ed  every  two  hours.  His  sister  who  nursed  him,  was  soon  after 
attacked  by  the  same  fever,  but  the  throat  was  not  affected.  She 
was  not,  like  her  brother,  confined  to  her  bed,  but  her  weakness 
was  so  great  that  she  could  not  walk  across  the  room,  nor  even 
stand  up  half  a  minute  without  support.  In  both  these  cases  the 
relief  from  the  yeast  was  very  striking,  and  they  were  soon  cured : 
the  wife  was  also  infected,  who  received  a  similar  benefit  from  the 
yeast. 

The  most  extraordinaiy  cases,  however,  are  the  following:-— 
In  Husband-street,  a  small  confined  situation  near  Berwick-street, 
a  fever  broke  out,  which,  in  the  short  space  of  a  fortnight,  in  three 
houses  only,  swept  away  six  persons.  Dr.  Thornton’s  assistance 
was  at  this  time  called  in  to  Mrs.  Wollot,  No.  1,  in  that  street, 
who  lay  delirious  and  comatose,  with  her  two  children,  all  in  the 
same  bed.  She  refused  medicine  and  food)  and  was  obliged  to  be 
drenched,  in  order  to  get  either  down  :  an  emetic  and  cathartic  be¬ 
ing  premised,  they  were  all  put  upon  the  same  plan  ;  that  is,  were 
to  take,  every  three  hours,  two-thirds  of  a  glass  of  fresh  porter, 
with  two  table  spoonfuls  of  yeasf  and  the  juice  of  half  a  lemon  ; 
and  the  food,  at  intervals,  was  the  white  of  eggs,  which  Dr.  Thorn¬ 
ton  judged  of  all  things  were  least  subject  to  putrefy,*  beat  up  with 
sugar  and  water ;  and,  as  it  was  the  commencement  of  summer, 
strawberries  were  also  ordered  :  and'  without  any  further  medicine 
from  the  apothecary  than  the  emetic  and  purge,  although  the  w’o- 
nian  was  at  first  obliged  to  be  drenched,  yet  she  and  her  whole  fami¬ 
ly  recovered,  and  this  very  rapidly. 

Among  the  poor  inrSt.  Giles’s  nothing  is  administered  by  DK 
Thornton,  after  cleansing  the  primae  viac,than  two  tabic  spoonfulls 
of  yeast  in  some  porter  every  two  hours ;  and  out  of  above  for¬ 
ty  cases,  not  one  has  died  under  this  treatment. 

[43  Yount'' H  Amiah  of  Agriculture — IG8. 


*  We  know  that  eggs  are  kept  for  a  great  length  of  time,  and  the  white, 
even  under  the  heat  of  a  iien\  body,  d*)es  itot  palrcfy,  and  it  server  as  milk  to 
the  embryo  in  tiie  egg. 
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ARMINE  AND  ELVIRA, 

A 

LEGENDARY  TALE.  BY  THE  REV.  MR.  CARTWRICIIT. 

IN  TWO  PARTS. 


PAUr  THE  FIRST. 


A  HERMIT  on  the  banks  of  Trent, 

Far  from  the  world’s  bewildering  maze, 

To  humbler  scenes  of  calm  content. 

Had  fled  from  brighter,  busier  days. 

If  haply  from  his  guarded  breast 
Should  steal  the  unsuspected  sigh. 

And  memory,  an  unbidden  guest, 

With  foi-mer  passion  fill’d  his  eye  : 

Then  pious  hope  and  duty  prais’d 
The  wisdom  of  th’  unerring  sway  ; 

And  while  his  eye  to  heaven  he  rais’d, 

•Its  silent  waters  sunk  away. 

Life’s  gayer  ensigns  once  he  bore— 

Ah  1  what  avails  the  mournful  tale  ? 

Suffice  it,  when  the  scenes  were  o’er. 

He  fled  to  the  sequester’d  vale. 

“  Whattho’  the  joys  I  lov’d  so  well, 

‘‘  The  charms,*’  he  cry’d,  “  that  youth  has  known, 
“  Fly  from  the  Hermit’s  lonely  cell ! 

“  Yetis  not  Armine  still  my  own  ? 

“  Yes,  Armine,  yes,  thou  valu’d  youth  ! 

“  ’Midst  ev’ry  grief  thou  still  art  mine  ; 

“  Dear  pledge  of  Winifreda’s  truth, 

“  And  solace  of  my  life’s  decline  ! 

Tho’  from  the  world  and  W'orldly  care 
My  wearied  mind  I  mean  to  free, 

“  Yet* ev’ry  hour  that  Heav’ii  can  spare, 

My  Armine,  1  devote  to  thee. 
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‘‘  And  sure  that  HeaT*n  my  hopes  shall  blcsfi 
“  And  make  thee  fam’d  for  virtues  fair, 

‘‘  And  happy  too,  if  happiness 
“  Depends  upon  a  parent’s  prayer ; 

Last  hope  of  life’s  departing  day, 

^  In  whom  its  future  scenes  I  see ! 

**  No  truant  thought  shall  ever  stray 
<<  From  this  lone  hermitage  and  thee. 

Thus  to  his  humble  fate  resign’d, 

His  breast  each  anxious  care  foregoes ; 

All  but  the  care  of  Armine’s  mind, 

The  dearest  task  a  parent  knows ! 

And  weH  were  all  his  cares  repaid ; 

In  Armine’s  breast  each  virtue  grew, 

In  full  maturity  display’d, 

To  fond  affection’s  anxidus  view. 

Nor  yet  neglected  were  the  charms. 

To  polish’d  life  that  grace  impart ; 

Virtue,  he  knew,  but  feebly  warms, 

Till  science  humanize  the  heart. 

And  when  he  saw  the  lawless  train 
Of  passions  in  the  youthful  breast. 

He  curb’d  them,  not  with  rigid  rein, 

But  strove  to  soothe  them  into  rest. 

^  Think  not,  my  son,  in  this,”  he  cry’d, 

“  A  father’s  precept  shall  displease  : 

“  No :  be  each  passion  gratify’d, 

“  That  tends  to  happiness  and  ease. 

Nor  shall  the  ungrateful  task  be  mine, 

“  Their  native  gen’rous  warmth  to  blame,* 

“  That  warmth  if  reason’s  suffrage  join 
To  point  the  object  and  the  aim. 

This  suffrage  wanting,  know,  fond  boy, 
That  ev’ry  passion  proves  a  foe  : 

Tho’  much  it  deals  in  promis’d  joy, 

It  pays,  alas !  in  certain  woe. 

Complete  ambition’s 'wildest  scheme  ; 

In  power’s  most  brilliant  robes  appear; 
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“  Indulge  in  fortune’s  golden  dream ; 

“  Then  ask  thy  breast  if  peace  be  there. 

“  No :  It  shall  tell  thee,  peace  retires. 

Of  one  of  her  lov’d  friends  depriv’d ; 

‘‘  Contentment  calm  subdu’d  desires, 

“  And  happiness  that’s  self-deriv’d.” 

To  temper  thus  the  stronger  fires 
Of  youth  he  strove,  for  well  he  knew, 
Boundless  as  thought  tho*  man’s  desires^ 

The  real  wants  of  life  were  few. 

And  oft  revolving  in  his  breast, 

Th’  insatiate  love  of  wealth  and  fame. 

He,  with  no  common  care  oppress’d, 

To  fortune  thus  would  oft  exclaim : 

“  O  fortune  !  at  thy  crouded  shrine, 

“  What  wretched  worlds  of  suppliants  bow  ! 
«  Forever  hail’d  thy  power  divine, 

«  Forever  breath’d  the  serious  vow. 

With  tott’ring  pace  and  feeble  knee. 

See  Age  advance  in  shameless  haste,  * 

“  The  palsy’d  hand  is  stretch’d  to  thee, 

“  For  wealth  he  wants  the  power  to  taste.^ 

See,  led  by  Hope,  the  youthful  train  ! 

“  Her  fairy  dreams  their  hearts  have  won ; 

“  She  points  to  what  they  ne’er  shall  gain, 
“Or  dearly  gsun— to  be  undone. 

•*  Must  I  too  form  the  votive .  prayer. 

And  wilt  thou  hear  one  suppliant  more  ? 
His  prayer,  O  Fortune  deign  to  hear. 

To  thee,  who  never  pray’d  before. 

«  O  may  one  dear,  one  favour’d  youth. 

May  Armine  still  thy  power  disclaim  ; 

“  Kneel  only  at  the  shrine  of  ti’uth, 

“  Count  freedom,  wealth,  and  virtue,  fame  ! 

Lo  !  to  his  utmost  wishes  blest. 

The  prayer  was  heard ;  and  freedom’s  flame, 
And  truth,  the  sunshine  of  the  breast. 

Were  Armine’s  wealth,  were  Armine’s  fame. 

VoL.  lU.  3  M 
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His  heart  no  selfish  cares  confin’d, 

He  felt  for  all  who  feel  distress, 

And  still  benevolent  and  kind, 

He  bless’d  them,  or  he  wish’d  to  bless. 

For  what  tho’  Fortune’s  frown  deny, 

With  wealth  to  bid  the  sufferer  live, 

Yet  Pity’s  hand  can  oft  supply 
A  balm  she  never  knew  to  give  : 

Can  oft  with  lenient  drops  assuage 
The  wounds  no  ruder  hand  can  heal, 
When  grief,  despair,  distraction,  rage  ; 
While"  death  the  lips  of  love  shall  seal. 

Ah  I  then,  his  anguish  to  remove. 
Depriv’d  of  all  his  heart  holds  dear, 

How  sweet  the  still  surviving  love 
Of  friendship’s  smile,  of  pity’s  tear  ! 

This  knew  the  Sire  ;  he  oft  would  cty, 
‘‘From  these,  my  son,  O  ne’er  depart; 

These  tender  charities,  that  tic 
« In  mutual  league  the  human  heart. 

‘‘  Be  thine  those  feelings  of  the  mind, 

«  That  wake  at  honour’s,  friendship’s  call 
“  Benevolence,  that  unconfin’d, 

Extends  her  liberal  hand  to  all. 

“  By  sympathy’s  untutor’d  voice, 

“  Be  taught  her  social  laws  to  keep ; 

“  Rejoice,  if  human  heart  rejoice, 

“  And  weep,  if  human  eye  shall  weep. 

“  The  heart,  that  bleeds  for  others  woes. 

<<  Shall  feel  each  selfish  sorrow  less ; 

His  breast,  who  happiness  bestows, 

^  Reflected  happiness  shall  bless. 

Each  ruder  passion  still  withstood, 

“  That  breaks  o’er  virtue’s  sober  line, 
The  tender,  noble,  and  the  good 
“To  cherish  and  indulge,  be  thine. 

“  And  yet,  my  Aimine,  might  I  name 
“  One  passion  as  a  dangerous  guest ; 
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“  W ell  may'st  thou  wonder  when  I  blame 
‘‘  The  tenderest,  noblest,  and  the  best. 

“  Nature  *tis  true,  with  love  design’d 
“  To  sooth  the  race  our  fathers  ran ; 

“  The  savage  of  the  human  kind 
By  I  ^ove  was  soften’d  into  man. 

As  feels  the  ore  the  searching  fire. 
Expanding  and  refining  too. 

So  fairer  glow’d  each  fair  desire, 

Each  gentle  thought  so  gentler  grew. 

“  I  low  chang’d,  alas  !  tliose  happier  days  ! 
“  A  train  how’  different  now  succeeds  ! 

“  While  sordid  avarice*  betrays, 

“Or  empty  vanity  misleads. 

“  Fled  from  the  heart  each  nobler  guest, 

“  Each  genuine  feeling  we  forego  ; 

“  What  nature  planted  in  the  breast, 

“  The  flowers  of  lore  are  weeds  of  woe. 

“  Hence  all  the  pangs  the  heart  must  feel, 
“  Between  contending  passions  tost, 

“  Wild  jealousy’s  avenging  steel, 

‘‘  And  life  and  fame  and  virtue  lost  1 

“  Yet  falling  life,  yet  fading  fame, 

“  Compar’d  to  what  his  heart  aiiiiuy, 

“  Who  cherishes  2whopeless  flame,  • 

“  Arc  terms  of  happiness  and  joy. 

“  Ah  !  then  the  soft  contagion  fly  ! 

“  And  timely  shunth*  alluring  bait!” 

The  rising  blush,  the  downcast  eye, 
proclaim’d— the  precept  was  too  late. 


FART  THE  SECOJ\rD 


DEEP  in  the  bosom  of  the  wood, 

♦ 

Where  art  had  form’d  the  moated  isle 
An  amique  castle  tow’ring  stood, 

In  Gothic  grandeur  rose  tlie  pile. 
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Here  Raymond,  long  in  arms  renomi’d, 

From  scenes  of  war  would  oft  repair ; 

His  bed  an  only  daughter  crown’d, 

And  smil’d  away  a  father’s  care. 

By  nature’s  happiest  pencil  drawn, 

She  wore  the  vernal  morning’s  ray: 

The  vernal  morning’s  blushing  dawn, 

Breaks  not  so  beauteous  into  day. 

Her  breast,  impatient  of  controul, 

Scorn’d  in  its  silken  chains  to  lic^ 

And  the  soft  language  of  the  soul 
Flow’d  from  her  never-silent  eye. 

The  bloom  that  open’d  t)n  her  face, 

Well  seem’d  an  emblem  of  her  mind, 

Where  snowy  innocence  we  trace. 

With  blushing  modesty  combin’d. 

To  these  resistless  grace  impart, 

That  look  of  sweetness,  form’d  to  please. 
That  elegance  devoid  of  art. 

That  dignity  that’s  lost  in  case. 

What  youth  so  cold  could  view  unmov’d, 

The  maid,  that  ev’ry  beauty  shar’d  ? 

Her  Armine  saw  ;  he  saw,  he  lov’d. 

He  lov’d — alas  !  and  he  despair’d  ! 

Unhappy  youth  !  he  sunk  opprest, 

For  much  he  labour’d  to  conceal 
That  gentlest  passion  of  the  breast, 

Which  all  can  feign,  but  few  can  feel. 

Ingenuous  fears  suppress’d  the  flame, 

Yet  still  he  own’d  its  hidden  power; 

With  transport  dwelling  on  her  name. 

He  sooth’d  the  solitary  hour. 

“  How  long,”  he  cry’d,  “  must  I  conceal 
“  What  yet  my  heart  could  wish  were  known 
«  How  long  the  truest  passion  feel, 

‘‘  And  yet  that  passion  fear  to  own  ? 

“  Ah  !  might  I  breathe  my  humble  vow  I 
Might  she  too  deign  to  lend  an  ear  ! 
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“  Elvira’s  self  should  then  allow 
«  That  Amiine  was  at  least  sincere. 

«  Wild  wish  !  to  deem  the  matchless  maid. 
Would  listen  to  a  youth  like  me, 

Or  that  my  vows  could  e’er  persuade, 

“  Sincere  and  constant  though  they  be. 

Ah  !  what  avails  my  love  or  truth  ? 

“  She  listens  to  no  lowly  swain  ; 

“  Her  cjiarms  must  bless  some  happier  youth, 
“  Some  youth  of  fortune’s  titled  train. 

“  Then  go,  fallacious  hope  !  adieu  I 
“  The  flattering  prospect  1  resign  I 
‘‘  And  bear,  from  my  deluded  view, 

“  I'he  bliss  that  never  must  be  mine. 

“  Yet  will  the  youth,  who  e’er  he  be, 

“  In  truth  or  tenderness  excel  ? 

“  Or,  will  he  on  thy  charms  like  me 
“  With  fondness  never-dying  dwell  I 

“  Will  he  with  thine  his  hopes  unite  ? 

‘‘  With  ready  zeal  thy  thoughts  improve  ? 

“  With  fond  attention  and  delight, 

“  Each  wish  prevent,  each  fear  remove  ? 

“  Will  he,  still  faithful  to  thy  charms, 

“  For  constant  love  be  long  rever’d  ? 

“  Nor  quit  that  bliss  within  thy  arms, 

0  By  every  tender  tie  endear’d  ? 

“  What  though  his  boastful  heart  be  vain 
“  Of  all  that  birth  or  fortune  gave  ? 

‘‘  Yet  is  not  mine,  though  rude  and  plain, 

At  least  as  noble  and  as  brave  ? 

“  Then  be  its  tender  suit  preferr’d  I 
“  Its  tender  sighs  Elvira  hear  ! 

“  In  vain  I  sigh — but  sigh  unhear’d  ; 

“  Unpity’d  fal  sthis  lonely  tear  I” 

Twice  twelve  revolving  moons  had  past; 
Since  first  he  caught  the  fatal  view; 
Unchang’d  by  time  his  sorrows  last, 
Uncheer’d  by  hope  his  passion  grew'. 
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That  passion  to  indulge  he  sought,  * 

In  Raymond’s  groves,  the  deepest  shade  ; 
There  fancy's  haunting  spirit  brought 
The  image  of  his  long-lov'd  maid. 

But,  hark  i  what  more  than  mortal  sound 
Steals  on  attention's  raptur'd  ear ! 

The  voice  of  harmony  around 
Swells  in  wild  whispers  soft  and  clear. 

Can  human  liand  atone  so  fine 
Sweep  from  the  string  with  touch  profane  ? 
Can  human  lip  with  breath  divine 
Pour  on  the  gale  so  sweet  a  strain  ? 

'Tisshc — the  source  of  Armine's  woe— 

'Tis  she — whence  all  his  joys  must  spring— 
From  her  lov'd  lips  the  numbers  flow, 

Her  magic  hand  awakes  the  string. 

Now,  AiTiiine,  now  thy  love  proclaim. 

Thy  instant  suit  the  time  demands  ; 

Delay  not — tumult  shakes  his  fi*ame  ! 

And  lost  in  ecstacy  he  stands ! 

What  magic  chains  thee  to  the  ground  ? 
What  star  malignant  rules  the  hour, 

That  thus  in  fix'd  delirium  drown’d, 

Each  sense  intranc’d  hath  lost  its  power  ? 

The  trance  dispel !  awake  !  arise  ! 

Speak  what  untutor'd  love  inspires  ! 

The  moment's  past — thy  wild  surprise 
She  see,  nor  unalarm'd  retires. 

“  Stay,  sweet  illusion  !  stay  thy  flight ! 

‘‘  'Tis  gone  I  Elvira’s  form  it  wore— 

“  Yet  one  more  glimpse  of  short  delight  I 
^  'Tis  gone— to  be  beheld  no  more  ! 

«  Fly,  loit'ring  feet !  the  charm  pursue, 

“  That  plays  uppn  thy  hopes  and  fears ! 

Ila  !  no  illusion  mocks  my  view  ; 

“  'Tis  she — Elvira's  self  appears  I 

“  And  shall  I  on  her  steps  intrude  ? 

“  Alarm  her  in  these  lonely  shades  ? 

“  O  stay,  fair  nymph  I  no  ruffian  rude 
“  With  base  intent  your  walk  invade. 
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“  Far  gentler  thoughts — **  his  fault’ring  tonguCj 
By  humble  diffidence  restrain’d, 

Paus’d  in  su^pencc — ^but  thus  ere  long. 

As  love  impell’d,  its  power  regain’d. 

Far  gentler  thoughts  that  form  inspires ; 

“  With  me  far  gentler  passions  dwell ; 

“  This  heart  hides  only  blameless  fires, 

“  Yet  bums  with  what  it  fears  to  tell. 

“  The  fault’ring  voice  that  fears  controut, 

“  Blushes  tliat  inward  fires  declare, 

“  Each  tender  tumult  of  the  soul 
“  In  silence  owns  Elvira  there.” 

He  said  ;  and  as  the  trembling  dove, 

Sent  forth  to  explore  the  wat’ry  plain. 

Soon  fear’d  her  flight  might  fatal  prove, 

And  sudden  sought  her  ark  again. 

His  heart  recoil’d  ;  as  one  that  ru’d 
What  he  too  hastily  confest, 

And  all  the  rising  soul  subdu’d, 

Sought  refuge  in  his  inmgM  breast. 

The  tender  strife  Elvira  saw 
Distrest ;  and  as  some  parent  mild, 

*Whcn  arm’d  with  words  and  looks  of  awe^ 
Alelts  o’er  the  terrours  of  her  child. 

Reproof  prepar’d  and  angry  fear 
In  soft  sensations  died  away : 

They  felt  the  force  of  Armine’s  tear, 

And  fled  from  pity’s  rising  sway. 

“  That  mournful  voice,  that  modest  air, 

“  Young  stranger,  speak  the  courteous  breast, 
“  Then  why  to  these  rude  scenes  repair, 

“  Of  shades  the  solitary  guest  ? 

“  And  who  is  she,  whose  fortunes  bear 
ElviiVs  melancholy  name  ? 

“  O  may  those  fortunes  prove  more  fair, 

Than  her’s,  who  sadly  owns  the  same  ! 

^  Ah  1  gentle  maid,  in  mine  survey 
“  A  heart,”  he  cries,  “that’s  your’s alone  I 
“  Long  has  it  own’d  Elvira’s  sway, 

“  Thu’  long  unnotlc’d  and  unknoivn. 
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^  On  Sherwood’s  old  heroic  plain, 

"  Elvira  grac’d  the  festal  day, 

“  There,  foremost  of  the  youthful  train,  • 

“  Her  Armine  bore  the  prize  away. 

“  There  first  that  form  my  eye  survey’d, 

“  With  future  hopes  that  fill’d  my  heart  j 
“  But  ah  !  beneath  that  fro>\’n  they  fade— • 
“  Depart,  vain,  vanquish’d  hopes  !  depart.” 
He  said  ;  and  on  the  ground  Ids  eyes 
Were  fix’d  abash’d:  the  attentive  maid, 
Lost  inxhe  tumult  of  surprise, 

The  well-remember’d  youth  survey’d. 

The  traiTfeient  colour  went  and  came, 

The  struggling  bosom  sunk  and  rose, 

The  trembling  tumults  of  her  frame 
The  strong-conflicting  soul  disclose. 

The  time,  the  scene,  she  saw  with  dread, 
Like  Cynthia  setting  glanc’d  away. 

But  scatter’d  blushes,  as  she  fled, 

Blushes,  that  spoke  a  brighter  day. 

A  friendly  shepherd’s  neighbouring  shed 
To  pass  the  live-long  night  he  sought, 

And  hope,  the  lover’s  downy  bed, 

A  sweeter  charm  than  slumber  brought. 

On  ev’ry  thought  Elvira  dwelt, 

The  tender  air,  the  aspect  kind, 

The  pity  that  he  found  she  felt, 

And  all  the  angel  in  her  mind. 

No  self-plum’d  vanity  was  there, 

With  fancy’d  consequence  elate 
Unknown  to  her  the  haughty  air 
That  means  to  spieak  superior  state. 

Her  brow  no  keen  resentments  arm, 

No  swell  of  empty  pride  she  knew, 

In  trivial  minds  that  take  the  alarm, 

Should  humble  love  inspire  to  sue. 

Such  love,  by  flattering  charms  betray’d, 
Shall  yet,  indignant,  soon  rebel, 

‘  And,  blushing  for  the  choice  he  made, 

Shall  fly  where  gentler  virtues  dwell. 
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^Tis  then  the  mind,  from  bondage  fi'ee,^ 

And  all  its  former  weakness  o*er, 

Asseits  its  native  dignity, 

And  scorns  what  folly  priz’d  before* 

The  scanty  pane,  the  rising  ray 
On  the  plain  wall  in  diamonds  threw ; 

The  lover  hail’d  the  welcome  day, 

And  to  his  fav’rite  scene  he  flew. 

There  soon  Elvira  bent  her  way. 

Where  long  her  lonely  walks  had  been, 

Nor  less  had  the  preceding  day. 

Nor  Armine  less  endear’d  the  scene. 

Oft,  as  she  pass’d,  her  rising  heart 
Its  strongest  tenderness  confes’d. 

And  oft  she  lingered  to  impart, 

To  some  soft  shade,  her  secret  breast. 

“  How  slow  the  heavy  hours  advance,” 

She  cry’d,  “  since  that  eventful  day. 

When  first  1  caught  the  fatal  glance, 

“  That  stole  me  from  myself  away  I 

‘‘  Ah  !  youth  belov’d !  tho’  low  thy  birth, 

«  The  noble  air,  the  manly  grace, 

“  That  look,  that  speaks  superior  worth, 

“  Can  fashion,  folly,  fear,  erase  ? 

“  Yet  sure  from  no  ignoble  stem 
“  Thy  lineage  springs,  though  now  unknown; 
“  The  world  censorious  may  condemn, 

“  But,  Armine,  I  am  thine  alone. 

“  To  splendour  only  do  we  live  ? 

“  Must  pomp  alone  our  thoughts  employ  ? 

“  All,  all  that  pomp  and  splendour  give 
“  Is  dearly  bought  with  love  and  joy  ! 

“  But  oh  I — the  favour’d  youth  appears-— 

“  In  pensive  grief  he  seems  to  move  ; 

“  My  heart  forebodes  unnumber’d  fears ; 

“  Support  it,  pity,  virtue,  love  ! 

“  Hither  his  foot-steps  seem  to  bend— 

“  Come,  resolution,  to  my  aid  ! 
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^  My  breast  what  varyin^^  passions  rend  I 
“  Averse  to  go— to  stay  afraid  !** 

“  Dear  object  of  each  fond  desire 
“  That  throbs  tumultuous  in  my  breast ! 

V  Why  with  averted  glance  retire  ? 

“  At  Armine’s  presence  why  distrest  ? 

“  What  though  he  boasts  no  titled  name, 

“  No  wide  extent  of  rich  domain  I 
**  Vet  must  he  feed  a  fruitless  flame, 

“  Must  truth  and  nature  plead  in  vain  ?** 

Think  not,”  she  said,  “  by  forms  betray’d 
“  To  humbler  worth  my  heart  is  blind ; 

For  soon  shall  every  splendour  fade, 

“  That  beams  not  from  the  gifted  mind. 

«  But  first  thy  heart  explore  with  care, 
^Vith  faith  its  fond  emotions  prove, 

Lurks  no  unworthy  passion  there  ? 

“  Prompts  not  ambition  bold  to  love  ?” 

Yes  lovely  maid,”  the  youth  replies, 

“  A  bold  ambition  prompts  my  breast, 

“  The  tow’ring  hope  that  love  supplies^ 

The  wish  in  blessing  to  be  blest. 

“  The  meaner  prospects  I  despise 
“  That  wealth,  or  rank,  or  pow’r  bestow ; 

“  Be  your’s  the  grov’lling  bliss  ye  prize, 

Ye  sordid  minds,  that  stoop  so  low  ! 

“  Be  mine  the  more  refin’d  delights 
“  Of  love,  that  banishes  controul, 

‘‘  When  the  fond  heart  with  heart  unites, 

“  And  soul’s  in  unison  with  soul.” 

Elvira  blush’d  the  warm  reply, 

(To  love  a  language  not  unknown) 

The  milder  glories  fill’d  her  eye, 

And  there  a  softer  lustre  shone. 

The  yielding  smile,  that’s  half  supprest, 
The  bhoil  quick  breath,  the  trembling  tear. 
The  swell  tumultuous  of  the  breast. 

In  Armine’s  favour  all  appear. 
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At  each  kind  glance  their  souls  unite, 

While  loves  soft  sympathy  imparts 
That  tender  transport  of  delight, 

That  beats  in  undivided  hearts. 

Respectful  to  his  lips  he  prest 
Her  yielded  hand in  haste  away 
Her  yielded  hand  she  drew  distrest, 

With  looks  that  witness’d  wild  dismay ! 

Ah  !  whence,  fair  excellence  !  those  fears  ?. 
**  What  terror  unforeseen  alarm-i  ? 

“  Sec  where  a  father’s  frown  appears”-— 
She  said  and  sunk  into  his  arms. 

“  My  daughter ! — Heav’ns  !— it  cannot  be—* 
“  And  yet  it  must— O  dire  disgrace  ! 

“  Elvira  have  1  liv’d  to  see 
“  Clapp’d  in  a  peasant’s  vile  embrace  I 

“  This  daring  guilt  let  death  repay”—*— 

His  vengeful  arm  the  javelin  threw ; 

With  erring  aim  it  wing’d  its  way, 

And  far,  by  fateaveited,  flew. 

Elvira  breathes— her  pulses  beat, 

Returning  life  illumes  her  eye  ; 

Trembling  a  father’s  view  to  meet. 

She  spies  a  reverend  hermit  nigh. 

“  Your  wrath,”  she  cries,  “  let  tears  assuage, 
“  Unheeded  must  Elvira  pray  I 
“  O  let  an  injur’d  father’s  rage 
‘‘  This  hermit’s  sacred  presence  stay  ! 

“  Yet  deem  not,  lost  in  guilty  love, 

“  I  plead  to  save  my  virgin  fame  ; 

“  My  weakness  virtue  might  approve, 

“  And  smile  on  nature’s  holy  flame.” - 

“  Oh !  welcome  to  my  hopes  again, 

“  My  son,”— the  raptur’d  hermit  cries, 

“  I  sought  thee  sorrowing  on  the  plain,” 
And  all  the  father  Ail’d  his  eyes. 

“  Art  thou,”  tlie  raging  Raymond  said, 

“  Of  this  audacious  boy,  the  sire  ? 
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Curse  on  the  dart  that  idly  sped, 

«  Nor  bid  his  peasant  soul  expire 
“  His  peasant  soul  1” — indignant  fire 
Flash’d  from  the  conscious  father’s  eye, 

“  A  gallant  Earl  is  Armine’s  sire. 

And  know,  proud  chief,  that  Earl  am  I. 

“  Tho*  here  within  the  hermit’s  cell, 

I  long  have  liv’d  unknown  to  fame, 

Yet  crouded  camps  and  courts  can  tell^ 

“  Thou  too  hast  heard  of  Egbert’s  name. 

“  Ha  !  Egbert !— he,  who  tyrant  rage 
“Forc’d  from  his.counti7’s  bleeding  breast  \ 

“  The  patron  of  my  orphan  age, 

“  My  friend,  my  warrior,  stands  confest ! 

“  But  why  ?” — “  The  painful  story  spare, 

“  That  prostrate  youth,”  said  Egbert,  “  see  ; 

“His  anguish  asks  a  parent’s  care, 

“  A  parent,  once  who  pity’d  thee !” 

Raymond,  as  one,  who  glancing  round. 

Seems  from  some  sudden  trance  to  start. 

Snatch’d  the  pale  lovers  from  the  ground, 

And  held  them  trembling  to  his  heart. 

Joy,  gratitude,  and  wonder  shed 
United  tears  for  Hymen’s  reign, 

And  nature  her  best  triumph  led, 

For  love  and  virtue  join’d  her  train. 

DESULPHURATION  OF  METALS. 

Memoir  ufion  the  De-sulfihuration  of  Metals,  -fly  M.  Gueni- 
VEAU,  En^neer  of  Mines,-  31  Phil,  Mag.  213. 

AMONG  the  number  of  metallic  sulphurets  which  nature  pre¬ 
sents  to  us,  there  are  several  the  decomposition  of  which  is  very 
important  in  the  arts  :  the  sulphurets  of  iron,  copper,  lead,  mer¬ 
cury,  &c.,  give  place  to  metallurgical  processes  highly  deservirvg 
of  the  attention  of  chemists. 
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The  nature  and  properties  of  these  compounds  are  well  known, 
since  chemists  have  so  frequently  made  them  an  object  of  enqui¬ 
ry.  The  facts,  however,  collected  in  laboratories  have  never  been 
carefully  compared  with  those  furnished  by  the  workshops,  aU 
though  it  is  very  well  known  that  the  latter  description  of  experi¬ 
ments  furnish  the  most  useful  results  ;  and  the  theory  of  various 
operations  to  which  we  subject  the  sulphurets,  has  not  kept  pace 
with  the  relative  progress  of  science.  It  is  my  intention,  in  the  Me¬ 
moir,  to  supply  what  is  wanting  in  this  respect :  for  this  purpose, 

I  have  made  various  experiments,  and  collected  several  observa¬ 
tions  long  known  :  to  these  I  have  added  some  reflections  peculiar 
to  myself,  and  have  deduced  from  their  examination,  consequen¬ 
ces  W'hich  may  be  productive  of  some  changes  in  the  ideas  gene¬ 
rally  entertained  respecting  the  treatment  of  the  metallic  sulphu¬ 
rets. 

§  Of  the  Action  of  Heat  ufion  the  metallic  Siilfihureta. 

The  action  of  heat  upon  the  metallic  sulphurets  should  be 
first  examined,  because  it  is  to  be  met  with  in  all  the  operations 
by  which  we  seek  to  decompose  these  substances :  in  order  to  ap¬ 
preciate  it  in  a  precise  manner,  I  have  made  choice  of  experi¬ 
ments  and  observations  in  which  this  action  is  entirely  isolated, 
which  is  worthy  of  observation  ;  for  it  is  because  we  have  not  ana¬ 
lysed  the  effects  produced  by  several  causes,  that  we  have  been 
led,  in  metallurgy,  to  ascribe  to  caloric  alone  a  de-sulphuraiing 
power,  which  it  does  not  seem  to  possess  in  any  great  degree. 

The  sulphurets  of  mercury  and  of  arsenic  are  volatilized  m 
close  vessels,  when  they  are  exposed  to  a  temperature  somewhat 
raised.  The  sublimed  sulphuretis  frequently  altered  in  its  colour  ; 
and  the  experiments  of  Messrs.  Proust  and  Thenard,  show  that 
this  change  is  the  consequence  of  a  variation  in  the  proportion  of 
the  elements  of  this  compound. 

The  native  sulphuret  of  iron  (pyrites  of  iron)  undergoes  a  par¬ 
tial  decomposition  only  from  the  caloric  :  by  distilling  it  in  a  re¬ 
tort,  we  cannot  extract  from  it  the  half  of  the  sulphur  which  it 
contains*.  In  Saxony,  the  distillation  of  pyrites  upon  a  large 
scale  never  yields  more  than  from  13  to  14  per  cent,  of  snlphurf. 

These  facts  not  being  sufficient  to  decide  my  opinion  upon  the 
effects  of  heat,  because  all  the  experiments  which  have  come  to 

*  Proust,  Journal  de  Physiquet  tome  liii. 

I  ScMutter^  tome  ii.  p.  328,  of  the  French  translation. 
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my  knowledge  were  made  at  a  temperature  a  little  raised,  I  pro¬ 
ceeded  in  the  following  manner :  1  put  into  a  crucible,  pyrites  of 
iron  pulverized :  covered  it  with  charcoal  in  powder,  and  heated  it 
in  tlie  forge  for  an  hour ;  I  found  a  mass  still  preserving  all  the 
characters  of  pyrites :  it  seemed  to  have  been  completely  melted, 
and  retained  two  thirds  of  the  sulphur  contained  in  the  natuml  py¬ 
rites.  This  experiment  being  repeated,  left  me  in  no  uncertainty 
upon  the  effects  of  heat  by  itself^  upon  sulphuret  of  iron,  and  I 
thought  I  might  conclude,  that,  whatever  be  the  tempemture, 
these  effects  produce  a  partial  decomposition. 

Sulphuretted  copper  and  pyritous  copper,  submitted  to  the  ac¬ 
tion  of  heat,  produce  “effects  analogous  to  those  observed  with  res¬ 
pect  to  iron  :  the  distillation  of  the  pyritous  copper  furnished  but 
very  little  sulphur :  these  two  kinds  of  minerals  of  copper  may  in 
short  be  considered  as  mixtures  of  the  sulphurels  of  copper  and  ' 
of  iron,  and  the  sulphur  which  heat  separates  from  it,  proceeds  al¬ 
most  entirely  from  the  sulphuret  of  iron. 

The  sulphuret  of  lead,  or  galena,  is  one  of  those  minerals  the 
treatment  of  w'bich  was  most  various :  all  chemists  agree  in  re¬ 
garding  it  as  composed  of  sulphur  and  lead  only,  in  the  proportion 
of  15  of  the  former,  and  85  of  the  latter.  I  was  the  more  careful 
in  observing  the  effects  of  caloric  upon  the  galena,  because,  by 
trying  to  separate  the  sulphur  from  it  by  this  agent,  I  expected  to 
obtain  lead  in  a  metallic  state,  the  weight  and  fusibility  of  which 
render  the  re-union  very  easy.  It  was,  besides,  very  easy  for  me 
to  operate  without  the  contact  of  atmospheric  air. 

I  put  into  a  retort  30  grammes  of  galena  reduced  to  powder, 
which  I  heated  for  two  hours,  but  not  so  strongly  as  to  make  it  ag¬ 
glutinate  :  a  very  little  sulphuric  acid  only  was  disengaged,  pro¬ 
duced  by  the  action  of  the  air  of  the  vessels,  and  I  perceived  no 
sulphur  sublimed  at  the  neck  of  the  retort.  I  increased  the  fire 
for  about  two  hours  more,  until  the  galena  and  the  vessel  w  hich 
contained  had  undergone  a  kind  of  fusion.  The  sulphur  volatilized 
in  this  second  part  of  the  operation  was  in  so  small  a  quantity  that 
it  was  not  possible  for  me  to  detach  and  weigh  it :  the  residue  was 
of  a  metallic  lustre ;  it  was  agglutinated,  and  did  not  contain  an 
atom  of  ductile  lead*. 

\  llicre  arc  few  chemists  wlio  have  not  made  this  experiment  with  similar 
rcstilts.  I  may  here  remark,  that  if  the  heat  had  been  long  enough  continued, 
and  in  iht  open  air,  tlie  :^alcnn  would  have  been  completely' roasted. 
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The  hc&t  not  having  been  very  strong  in  this  experiment,  I  sub¬ 
mitted  to  the  fire  of  a  forge  some  pulverized  galena,  placed  in  a 
crucible,  and  covered  with  charcoal  in  powder.  I  found  a  mass 
which  had  been  melted,  and  similar  to  what  is  called  matte  de 
filomb  by  the  French  metallurgists ;  there  was  no  lead  free  from  sul¬ 
phur,  but  only  some  parts  of  the  button  were  a  little  ductile.  Ana¬ 
lysis  convinced  me  that  there  remained  about  three  fifths  of  the 
sulphur  contained  in  the  galena.  1  attributed  a  part  of  the  loss  of 
27  per  cent,  which  it  had  undergone  by  the  action  of  the  fire,  to  the 
volatilization  of  the  sulphuret  of  lead  itself;  for  the  loss  owing  to 
the  separation  of  the  sulphur  could  not  exceed  six  per  cent,  at 
most. 

The  galena  therefore  undergoes  but  a  very  incomplete  decom- 
lK}sition  from  heat. 

I  shall  not  particularize  the  sulphurets  of  zinc,  antimony,  &c. 
because  I  do  not  know  a  sufficient  number  of  experiments  for  de¬ 
termining,  in  a  certain  manner,  the  effects  which  heat  produces 
upon  them  :  analogy,  however,  inclines  me  to  think  that  it  does  not 
completely  decompose  them. 

All  the  facts  I  have  presented  seem  to  me  to  establish,  that  the 
action  of  caloric  alone  upon  the  metallic  sulphurets,  and  particu¬ 
larly  of  those  upon  iron,  copper,  and  lead,  is  confined  to  their  tak¬ 
ing  from  them  a  small  portion  of  the  sulphur  which  they  contain, 
and  afterwards  in  melting  and  volatilizing  them. 

5  n.  Of  the  simultaneoiia  Action  of  Heat,  and  Atmoafihctic  Air 
ufion  the  tmtaUic  Sulfihurets. 

The  mctallurgic  *  ope  ration  which  has  for  its  object  the  de-sul- 
phuration  of  the  metals  is  known  by  the  name  of  roasting.  Most 
of  the  authors  who  have  spoken  of  it  do  not  seem  to  have  recog¬ 
nized  any  other  agent  in  the  decomposition  except  caloric ;  and 
even  those  who  since  the  new  chemical  theories  have  remarked 
the  influence  of  the  atmospheric  air,  havo  never  regarded  it  ase«- 
sential*.  The  experiments  I  have  detailed  having  shew'n  how  the 
action  of  heat  alone  is  insufficient  for  decomposing  a  metallic  sul- 
phurct,  we  must  necessarily  ascribe  to  the  oxygen  of  the  atmos¬ 
phere  the  greatest  share  in  the  de-sulphui*ation  of  the  metals  by 
roasting.  The  affinities  of  sulphur  and  of  metallic  substances  for. 

*  Macquer.  in  tills  respect,  agrees  with  the  metallurgists.  We  find  in  his 
Dictionary  of  chemistry  the  following  passage  :  “  'I'here  are  several  methods 
•f  separating  sulphur  from  metallic  subatunces  :  in  tiie  first  place,  as  sulphur 
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this  principle  render  this  assertion  very  probable  ;  it  is  besides 
proved  by  the  chemical  examination  of  the  produce  of  all  the  I'oast* 
ing,  as  well  as  by  the  way  in  which  the  operation  is  conducted. 
In  place  of  seeing  in  the  roasting  of  the  sulphurets  the  volatili:gSi- 
tion  of  the  sulphur,  produced  by  a  well-managed  heat^  it  will  be 
the  decomposition  of  a  sulphuret  by  the  simultaneous  action  of  the 
air  and  of  caloric ;  and  the  well  known  necessity  of  not  melting 
tlie  ores  does  not  seem  to  be  recommended  in  consequence  of  the 
fear  of  communicating  to  it,  together  with  liquidity,  a  force  of  co¬ 
hesion  which  will  oppose  the  separation  of  the  sulphur ;  but  rather 
because  this  state  will  conhne  the  action  of  the  air  to  a  surface, 
which,  not  being  capable  of  being  renewed,  will  be  soon  covered 
by  the  metallic  ox^d.  The  combination  of  the  oxygen  with  the 
elements  of  the  sulphurets,  gives  birth  to  oxyds  and  to  acids,  the 
affinities  of  which  have  great  influence  upon  the  separation  of  the 
sulphur,  and  the  results  of  a  roasting :  the  lattter  generally  present 
a  mixture  of  oxyd,  of  sulphat,  and  of  indecomposed  sulphuret. 
I  shall  examine  separately  and  in  detail  the  roasting  of  several 
kinds  of  sulphurets,  because  the  nature  of  the  metal  produces 
great  modifications  in  their  results ;  and  shall  presently  show, 
why,  and  in  what  form,  the  sulphur  is  separated. 

Roasting  of  Pyritoua  Copfxer. 

We  arrange  pieces  of  pyritous  copper  upon  faggots,  in  such 
a  way  as  to  make  the  combustion  continue  a  long  time.  The  first 
application  of  the  heat  separates  a  part  of  the  sulphur,  which  is 
distilled  in  some  measure,  and  may  be  collected  ;  but  afterwards 
it  is  this  combustible  which  serves,  upon  buniing,  to  continue  the 
operation :  sulphureous  acid  is  liberated,  the  elasticity  of  which j 
increased  by  the  elevation  of  the  temperature,  hinders  its  combina¬ 
tion  with  the  metallic  oxyds.  The  sulphuric  acid  which  is  form¬ 
ed,  in  spite  of  the  care  caken  to  slacken  the  combination,  is  united 
to  the  oxyds  of  copper  and  iron,  but  the  sulphate  of  iron  is  partly 
decomposed  by  the  hyper-oxydation  of  the  metal. 

The  pyrites  of  iron  submitted  to  the  same  operation  undergoes 
analogous  decompositions^  the  succession  of  which  is  in  every  re¬ 
spect  the  same. 

is  volatile,  and  as  these  substances  are  fixed,  or  at  least  not  so  volatile  as  sul¬ 
phur,  the  action  of  heat  alone  is  sujficient  to  take  the  sulphur  from  most  me¬ 
tals.**  He  seem,  however,  to  have  been  aware  uf  the  importance  of  the  con¬ 
tact  of  the  atmospheric  air  in  roasting,  since  he  says,  when  speaking  of  the 
sulphurets  of  mercury  and  of  arsenic,  “  It  will  be  possible  to  desulphurate 
them  without  intermedium,  by  a  well-managed  heat  and  in  the  open  airp 
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The  roasting  of  pyrhous  copper  in  the  reverberatory  furnace 
produces  the  same  phenomena,  and  seems  as  if  it  would  admit  of 
a  much  more  complete  separation  of  the  sulphur,  than  that  pro¬ 
duced  in  the  open  air.  If  it  were  not  so,  it  would  no  doubt  be 
owing  to  the  difficulty  of  hindering  the  agglutination  of  the  sul- 
phurct  produced  by  the  elevation  of  temperature,  owing  to  the 
rapid  and  inevitable  combustion  of  a  great  quantity  of  sulphur. 

I  come  now  to  speak  of  a  furnace,  in  which  we  effect  at  the 
same  time  both  the  melting  and  the  roasting  (to  a  certain  degree) 
of  pyritous  copper :  this  is  the  method  practised  at  Falhun  in 
Sweden,*  and  is  done  with  an  inner  crucible,  which  receives  tlie 
produce  of  a  flux  of  24  or  48  hours,  and  in  which  a  separation,  or 
rather  a  combustion,  of  the  sulphur  takes  place.  The  wind  of 
the  bellows  passes  over  the  surface  with  sufficient  lorce  for  re¬ 
moving  the  scorisc,  and  burning  a  part  of  the  sulphur  on  the  sur¬ 
face  :  the  iron  is  thus  oxydized,  and  quartz  is  added  in  order  to 
vitrify  it  in  propoilion  as  the  roasting'  goes  on.f  It  is  thus  that 

*  We  find  the  following  observations  In  the  Voyagtt  Metallurgirpiei^  by 
Jars,  tome  iii.  pages  55  &  seq.  **  The  flux  of  the  mineral  roasted  a  tingle 
time^  is  effected  in  a  furnace  which  has  an  inner  bason  destined  to  contain  ihe 
produce  of  the  operation.” — ”  When  ills  heated,  it  is  charged  with  a  good 
deal  of  scorix  from  the  flux  of  black  cop[)er,  with  quartz  and  a  little  mineral.” 
”  They  do  not  mix  the  quartz  with  the,  mineral,  but  only  add  it  when  there 
are  any  fears  of  miscliief  in  the  inner  bason.” — “  The  fusion  of  the  roasted 
pieces  {mattet)  is  effected  In  the  same  kind  of  furnace,  but  smaller.” — “  The 
substances  must  remain  a  longer  time  in  the  furnace,  which  must  not  be 
opened  until  the  end  of  twice  twenty-four  iiours.  They  then  extract  a  very 
few  rich  tiuittes,  but  a  very  large  ]>ig  of  black  copper.” — “This  method  of 
melting  the  pyrites  is  certuuily  the  oitly  one  that  can  be  used,  and  which,  in 
spite  of  the  inconveniences  it  presents,  may  nevertheless  Ih*  advantageous.” 
“  Another  very  |  rccious  advantage  is  a  concentration  of  the  meta!  contained 
in  the  Jluid  mutter  ivfuch  is  continnaVy  agitated  by  the  -wind  of  the  beUo-u>!t.  They 
extract  a  snialler  quantity  af  mattet ,  but  they  are  richer.  We  confers  our  sur¬ 
prise  at  the  flux  of  black  copper,  wlicn  we  see  the  small  quantity  of  ricli  mat¬ 
tes  which  comes  from  a  very  inferior  sort  of  ore,  and  which  does  not  even  seem 
to  have  been  roueted**  We  should  be  of  M.  Jars*  opinion,  (hat  this  method  of 
nielling  pyritous  copper  is  one  of  the  best,  if  more  copper  was  not  volatilized 
than  by  the  otlier  process:  but  if,  as  1  think,  we  may  substitute  the  reverbe¬ 
ratory  furnace  for  that  used  at  Falhun,  and  in  other  respects  following  up  the 
sa.'"e  series  of  operations,  there  would  certainly  be  great  advantages  derived 
over  fusion  in  the  hand  J*urn:ice. 

f  Swedenborg  {de  cupro)  thus  expresses  hin'iSelft  **  PInrima  ejiis  ars 
(meaning  the  melters)  in  eo  consislit^  ui  lopidern  Sfficer*m,  junto  tempore  et 
nido  sciat  of  errs  ” 

VoT  .  HI, 
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we  ma.y  explain  the  concentration  ot'  the  metal,  and  tlie  general 
result  of  the  flux,  which  surprised  M.  Jai*s  very  much.  This 
process  is  perhaps  the  only  one  in  which,  at  the  same  time,  the 
sulphur  and  iron  are  separated  in  any  quantity. 

The  dc-sulphuration  of  pyritous  copper  by  roasting  is,  in  my 
'opinion,  produced,  1st,  by  the  sublimation  of  a  small  portion  of 
sulphur,  which  may  be  collected  or  burnt  in  the  air ;  2dly,  by  the 
extrication  of  sulphurous  acid,  so  much  the  morc  abundant  as  the 
operation  is  well  conducted:*  3dly,  by  the  vaporization  of  a  little 
sulphuric  acid,  the  greatest  part  of  which,  however,  remains  united 
to  the  copper. 

Roasting  of  Galena. 

IT  is  extremely  difTicult  completely  to  dcsulphuratc  galena  by 
rt)aating  :  the  affinity  of  its  component  parts  for  oxygen  does  in¬ 
deed  effect  the  disunion  quickly  enough  ;  but  that  of  the  new  com¬ 
pounds,  the  sul/ihuric  acid  and  (he  oxide  of  gives  birth  to  a 
new  combination,  which  retains  the  sulphur,  and  thus  forms  an  ob¬ 
stacle  to  tlic  desulphiiration :  to  this  same  affinity  of  the  oxide  of 
lead  for  the  sulphuric  acid,  we  must  attribute  the  facility  with 
which  this  acid  is  formed  in  the  roasting  of  galenas 

1  shall  examine  in  detail  the  various  j)4*occsses  to  which  this 
important  decomposition  gives  rise,  us  I  think  they  will  explain  nu- 
.nrerous  and  complex  phenomena. 

Whatever  care  is  taken  in  roasting  galena,  it  is  impossible  to 
convert  all  the  sulphur  into  sulphurous  acid,  and  to  avoid  the  for¬ 
mation  of  sulphuric  acid ;  the  result  alw^ays  gives  a  mixture  of 
oxide  and  of  sulphate  of  lead. 

In  roastings  performed  upon  a  large  scale,  and  in  a  regulated  at¬ 
mosphere,  the  proportion  of  sulphate  of  lead  is  much  more  consi¬ 
derable,  it  is  regulated  by  the  temperature  and  by  the  facility  with 
wliich  the  air  penetiates  the  ore  ;  numerous  experiments  made  in 
r  Kcole  dca  J^Jinea  incline  me  to  think  that  the  roasted  achlich  of 
the  Fezey  ore  contains  half  its  weight  of  sulphate  of  lead  ;  whence 
it  follow's,  that  even  supposing  the  whole  galena  to  be  decomposed, 
tlic  roasting  has  not  separated  the  half  of  the  sulphur  it  cou- 
laiiis. 

*  Kecent  experiments  of  Mc.H!^rs.  Clements  and  Dcsormes  show,  that  tl.i 
‘tembustion  of  sulphur  does  not  produce  sulphuric  acid  so  easily  as  imagined  c 
but  we  know  that  its  forrnavion  is  determined  by  various  peculiar  circum- 
Ma'.ices,  siich  as  the  presence  of  the  alkalies,  oxyJs,  8wC. 
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The  reverberating  furnace  may  be  employed  with  great  suc¬ 
cess  in  roasting  the  sulphurized  ores  of  lead.  In  some  foundries, 
they  produce  in  this  kind  of  furnace  so  complete  a  separation  of 
the  sulphur,  that  it  is  sufficient,  when  the  roasting  is  sup]>osed  to 
he  finished,  to  add  some  charcoal,  in  order  to  obtain  instantaneous¬ 
ly  a  great  quantity  of  metallic  lead.  It  cannot  be  doubted,  however, 
that  a  great  quantity  of  sulphate  of  lead  is  formed ;  v/hich,  as  we 
have  already  seen,  is  a  necessary  result  of  tlie  action  of  the  aii 
upon  galena  exposed  to  a  high  temperature ;  the  chimneys  of  the 
furnaces  arc  likewise  filled  with  the  above  substance  :  the  decom¬ 
position  of  this  sulphate  by  charcoal  produces  a  sulphuret  or  a 
matte  of  lead ;  and  although  sulphurous  acid  may  be  disengaged, 
it  is  very  difficult  to  explain  why  the  addition  of  charcoal  makes 
the  lead  fiow  instantly  in  a  considerable  quimtity.  I  thought  that 
the  sulphate  of  lead  was  decomposed  during  the  roasting,  and  that 
nothing  remained  after  this  operation,  but  an  oxide  a  little  mixed  ; 
and  I  thought  I  discovered  the  cause  of  this  decomposition  in  the 
action  of  the  galena,  as  yet  undecomposed,  upon  the  sulphate  form¬ 
ed.  The  following  experiments  wiU  show  the  nature  and  itjsult 
q(  this  action. 

I  put  into  a  retort  a  mixture  composed  of  one -part  of  pulveri¬ 
zed  sulphuret  of  lead,  and  three  of  sulphate*,  and  I  heated  it  at  first 
but  slowly.  When  the  retort  was  red-hot,  a  considerable  disen¬ 
gagement  of  sulphurous  acid  gas  look  place  which  lasted  aii  hour, 
when  the  retoit  inelicd  ;  the  residue  presented  a  mixture  cf  cx- 
idc  and  of  sulphate  of  lead.  I  ascertained  that  the  sulphurous 
acid  which  had  been  collected  in  tlic  water  was  not  mixed  with 
sulphuric  acid. 

This  cxp'^rimciit  demonstrates  in  an  indisputable  manner  the' 
decomposition  ot  the  sulphate  of  lead  by  the  sulphuret,  or  rather 
that  of  the  sulphuric  acid  which  it  contains,  by  the  sulplmr  and  the 
lead  of  the  galena.  The  sulphurous  acid  certainly  proceeds  both 
from  the  oxygenation  of  the  sulphur,  and  from  the  deml-dccompo- 
sition  of  the  acid,  as  I  am  convinced  that  no  sulphate  remained  in 
the  residue.  I  repeated  tins  decomposition,  employing  equal  parts 
of  galena  and  of  sulphate ;  the  sulpluirous  acid  disengaged  was 
more  abundant,  and  there  remained  in  the  retoit  a  mixture  of 
oxyd  and  of  sulphuret ;  from  which  I  concluded,  that  if,  in  the 
first  cxpciinient,  the  proportion  of  sulphuret  of  lead  was  too  weak,— 

•  Tibs  mixture  was  trade  in  the  luiruid  way. 
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it  was  too  strong  in  tlie  latter.  I  also  made  another  attempt  to 
attain  some  proportions  rigorously  sufficient  for  the  mutual  de¬ 
composition,  and  endeavoured  at  the  same  time  to  assure  myself 
of  the  oxydalion  of  the  lead  contained  in  the  galena  in  a  metallic 
state.  \  put  fourteen  grammes  of  sulphate,  well  mixed  with 
eight  grammes  of  sulphuret,  in  a  crucible,  which  I  allowed  to  be¬ 
come  red-hot  in  a  gradual  manner.  I  remarked  that  a  consider¬ 
able  crackling  was  produced,  occasioned  by  the  disengagement 
of  the  sulpnurous  acid.  I  did  not  take  the  crucible  from  the  fire 
until  I  saw  its  contents  melted.  I  found  two  substances  well  se¬ 
parated  ;  the  one  occupying  the  bottom  of  the  crucible  w'as  merely 
melted  sulphuret  of.lead,  without  any  mixture  of  ductile  lead  ;  the 
other  presented^!  the  characters  of  the  oxyd  of  lead  called  glast 
of  lead  ;  this'part  w'as  a  combination  of  oxyd  and  «i7cx,  proceed¬ 
ing  from  the  materials  of  the  crucible,  without  any  marks  of  sul¬ 
phate  of  lead. 

This  experiment  proved  that  the  lead  of  the  galena  was  oxy« 
dated  at  the  expense  of  the  sulphuric  acid ;  but  it  did  not  show 
the  quantity  of  galena  necessary  to  the  complete  decomposition  of 
the  sulphate.  I  am  of  opinion,  hbwever,  that  the  proportion  of 
one  part  of  the  former  to  two  of  the  latter  is  sufficient ;  besides, 
it  closely  resembles  the  proportion  ^which  calculation  gives  us  of 
the  composition  of  these  substances. 

The  following  are  the  natural  consequences  of  these  facts : 
1st.  The  galena  and  the  sulphat  of  lead  are  mutually  decom¬ 
posed  at  a  high  temperature.  2d.  This  decomposition  gives 
place  to  the  formation  and  to  the  disengagement  of  a  great  quan¬ 
tity  of  sulphurous  acid,  and  consequently  to  the  separation  of  a  con¬ 
siderable  portion  of  the  sulphur  contained  in  the  ore.*  3d.  The 
result  is  oxyd  of  lead,  when  the  proportions  are  proper ;  and  in 
the  contrary  case  a  mixture  of  oxyd  and  of  sulphat,  or  oxyd  and  ga¬ 
lena.  The  application  of  tliesc  consequences  to  the  roasting  of  the 
sulphuret  of  lead  in  this  reverberating  furnace  is  very  easy.  I 
shall  explain  the  theory  of  this  operation  in  the  way  I  conceive  it. 

The  pulverized  galena,  or  tUe  achlic/i  of  lead,  spread  out  up¬ 
on  the  floor  of  the  furnace  in  a  layer  of  a  few  inches  in  thickness, 

•  If  we  admit  that  a  nilxtare  of  one  pari  «if  wulphiiret  and  two  of  sulphate 
are  entirely  decomposed  and  reduced  to  ox\d  of  lead,  the  quantity  of  sulphur 
depurated  will  he  two-fiftfis  ;  so  t)ut  one  p.irt  oV  sulpliatc,  in  an  indefinite 
quantity  of  g.rena,  will  separate  one  fiflh  of  bulplmr  ;  aud  one  of  sulphuret  ill 
iulphuie  a;.p.iralc  tlnce-firilis. 
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the  upper  part  of  which  is  exposed  to  the  action,  produces  the 
phenomena  usually  observed  in  the  common  roastings.  The 
heat  vaporises  a  little  sulphur;  the  air  conveils  that  part  upon 
which  it  acts  into  sulphurous  acid,  which  is  liberated;  but  a  much 
greater  part  is  converted  into  sulphuric  acid,  which  is  combined 
with  the  lead  oxydated  at  the  same  time.  The  ores  are  stirred  ; 
the  sulphate  of  lead  is  mixed  with  the  undccomposed  schlich,  and 
their  decomposition  produces  sulphurous  acid  ;  the  surface  of  the 
layer  which  has  been  renewed,  reproduces  sulphate,  which  after¬ 
wards  serves  to  produce  a  new  disengagement  of  gas,  and  thus 
continues  the  desulphuration,  to  which  we  find  there  is  no  end 
except  the  complete  decomposition  of  the  galena.  If  the  opei'a- 
tion  has  been  well  managed,  and  if  too  much  sulphate  of  lead  has 
not  been  formed,  the  result  of  the  roasting  will  be  almost  pure 
oxydof  lead  ;  in  the  contrary  case,  some  sulphate  will  probably  re¬ 
main,  which  charcoal  will  bring  back  to  the  state  of  sulph\irct, 
and  the  decomposition  of  which  will  take  place  like  that  of  tlie  ga¬ 
lena.  We  may  judge  from  tliis  detail,  how  important  it  is  to 
avoid  melting  the  snlphurct  of  lead  subjected  to  roasting ;  fi)r  the 
action  of  tlic  air  upon  the  melted  ore  will  soon  be  rendered  null  by 
the  formation  of  the  oxyd  of  lead  which  will  cover  it ;  and  the 
3\ilphate  of  lead  not  being  capable  of  being  any  longer  mixed  with 
the  galena,  there  will  be  no  method  left  of  desulphuration. 

The  roasting  of  galena  in  the  reverberating  furnace  is  therefore 
reduced  to  the  conversion  of  the  sulphur  which  it  contains  into 
sulfihurous  acid  ;  and  as  it  is  produced  ir  a  great  measure  by  the 
intermedium  of  the  sulphate  of  lead  which  is  continually  formed, 
this  process  admits  of  a  much  more  complete  desulphuration  than 
the  others. 

The  same  decomposition  of  the  sulphurct  of  lead  by  the  sul¬ 
phate,  in  my  opinion,  takes  place  also  in  the  treatment  of  the  ores 
of  lead  in  what  are  called  Scotch  furnaces  :  in  Scotland  they  roast 
and  melt  galena  by  one  uiunterrupted  operation,  employing  coal 
and  turf. 

This  kind  of  furnace  is  employed  with  success  in  the  mine  at 
Pezey,  in  melting  roasted  galena  containing  at  least  one-third  of 
its  weight  of  sulphate  ol  lead.  It  gives  no  mattes  as  a  final  result, 
which  proves  that  it  admits  of  tlic  decomposition  of  the  sulphat 
and  the  separation  of  the  sulpluir  contained  in  it.  I  am  of  opinion 
that  the  action  of  the  portion  reduced  to  the  state  of  sulpkureihy 
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the  contact  of  the  coals  upon  the  undecomposed  sulphate,  is  one 
of  the  principal  causes  of  the  desulphu ration  produced. 

^Vc  have  had  occasion  to  speak  of  several  kinds  of  furnaces, 
(the  I'ahlun  and  Scotch  furnaces  amon^^  tbc  rest,)  in  which  the 
metallic  sulphurcts  will  undergo  a  real  roasting ;  but  there  are 
others  where  this  effect  is  scarcely  perceptible.  I  consider  the 
present  as  a  proper  opportunity  for  introducing  some  reflections 
upon  the  differences  they  exhibit  in  this  respect.  They  ought  to 
excite  the  more  interest,  because  they  are  Intimately  connected 
with  the  present  siihject,  and  explain  some  phsenomena  which 
cannot  be  accounted  for  from  the  way  in  which  the  operation  of 
roasting  has  generally  been  regarded. 

it  is  a  well-known  fact,  in  foundries,  that  the  highest  furnaces 
are  those  which  admit  of  dcsulphuration  tlie  least,  or,  in  the  lan¬ 
guage  of  the  workmen,  tlicy  pin^ducc  the  most  matccs.  If  a  con¬ 
vincing  proof  of  this  is.  wanted,  it  will  be  sufficient  to  mention, 
that  at  I^ezey  there  have  been  seen  roasted  ores  of  lead,  contain¬ 
ing  a  gi  eat  deal  of  sulphate  of  lead,  the  flux  of  which,  in  the 
Scotch  furnace,  gave  no  mattes^  and  yet  they  produce  a  great 
(piantity  when  they  are  passed  to  the  common  furnace. 

If  lioat  alone  decomposes  easily  and  completely  the  metallic 
suJphurets,  the  upper  part  of  the  high  furnaces  will  be  very  pro¬ 
per  for  operating  the  roasting  of  ores ;  for  besides  the  tempera¬ 
ture  being  a  little  elevated,  the  air  which  ascends  to  that  height, 
being  dcpriiicd  of  a  part  of  its  oxygen,  forms  very  little  more  of 
tliesc  sulphates  ivhich  arc  opposed  to  the  separation  of  the  sul¬ 
phur  :  but  it  is  quite  different,  and  in  my  eyes  it  is  a  new  proof  of 
the  little  effect  of  the  action  of  caloric  alone  upon  substances.  I’lie 
sulphur  is  separated  from  the  sulphurets,  as  we  have  seen,  in  the 
t!tate  of  sulphurous  acid,  and  oxygen  is  indispensable  to  its  forma¬ 
tion.  In  furnaces  not  much  raised,  the  air  which  touches  the  ore 
recently  thrown  in,  still  contains  a  great  deal  of  oxygen  ;  the  sul¬ 
phurous  acid  formed  is  soon  subjected  to  tJic  deoxydating  action 
of  the  coals  ;  if  there  be  a  small  portion  of  it  dccompo.sed,  a  new 
sulphurctis  formed,  which  is  aftenvards  roasted  like  the  mineral. 
In  the  Scotch  furnace,  for  example,  when  mattes  are  melted,  they 
are  thrown  successively  into  the  furnace,  and  what  has  escaped  one 
operation  is  decomposed  by  a  second.  In  high  furnaces,  on  the 
contrary,  the  ores  placed  in  Uie  upper  part  undergo  but  a  very  im¬ 
perfect  desulphuration,  because  the  air  which  comes  in  contact 
wltli  it  coiitains  but  very  liillc  fr^ie  oxygen,  tlio  sulphurous  ucii! 
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formed  in  the  interior  is  in  a  great  measure  dcconiposcil  by  tra¬ 
versing  tl’C  whole  height  of  the  furnace  filled  with  coals^  and  the 
sulphurct  is  rccomjxised ;  tlic  latter  tends  by  its  gravity  to  gain 
the  basin,  where  it  does  not  arrive  until  after  a  series  of  decomposi¬ 
tions,  which  cannot  take  place,  as  we  have  in  fact  observed,  with¬ 
out  there  resulting  a  considerable  loss  in  metal. 

All  these  facts  seem  to  leave  no  doubt  as  to  the  followkig  pro¬ 
position  :  The  decomposition  of  the  metallic  sulpluircts  by  roast¬ 
ing  is  produced  by  the  oxygenation  of  its  compounds,  and  the  sul- 
])huris  separated  mor^or  less  completely  in  tlie  state  of  sulphur¬ 
ous  acid. 

III.  J)e8ulfihuraiion  of  the  MetriU  independent  of  the  Action 

of  the  Air. 

TJic  varied  affinilics  of  sulphur  for  different  mineral  substances, 
furnish  the  means  of  decomiX)sii}g  certain  sulpluircts  ;  and  seve¬ 
ral  have  been  employed  in  metallurgy  with  success.  In  order 
iliat  the  dccomjTosition  of  a  metallic  sulphuret  by  any  mincrar 
slioidd  form  the  basis  of  a  mctallurgic  process,  it  is  not  suQicicnt 
that  the  affinity  of  this  minenil  for  sulphur  should  be  greater  tlian 
that  of  the  metal ;  it  must,  besides  the  conditions  required  by 
economy,  also  possess  several  oth^r  requisites  absolutely  necessa¬ 
ry  for  the  success  of  the  operation,  which  considerably  limit  the 
number  of  ihc  agents  pointed  out  by  chemistr)' :  for  instance,  if  thr 
siilphnrct  resulting  from  the  decomposition  is  not  fusible,  or  but 
very  little  so,  if  it  bus  the  property  of  combining  with  the  metal 
required  to  be  separated,  or  uitber  with  the  still  undccomposcd 
I  sulphuret,  it  is  evident  that  wc  caunut  effect  our  purpose,  namely, 
the  isolation  of  the  metallic  substance.  Hitherto  little  else- has 
been  used  except  lime  and  iron. 

Deauljthuration  of  Mercury. — It  is  very  easy  to  decompose  tbt' 
sulphuret  of  mercury;  it  being  sufficicnl  if  wc  present  to  the  sul¬ 
phur  a  substance  capable  of  retaining  it,  and  volatilize  the  mcrcurj- 
alone.  It  is  thus  that  iron  and  lime  arc  employed  together  or  se¬ 
parately  in  the  treatment  of  the  ores  of  cinnabar. 

DcHulphvration  of  Copper. — Pyritous  copper  is  melted  in  some 
foundries  w’lth  lime,  cither  in  the  common  or  the  reverberating 
furnace ;  but  the  process  is  not  well  enough  known  as  yet  to 
enable  us  to  judge  of  tlie  efficary  of  lime  as  an  agent  in  this  case* 

I  was  once  of  opinion,  w  ith  some  metullurgisls,  that  the  well 
kjiown  superior  adiwity  of^  on  for  sulphur  over  that  of  copper  lk;r 
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the  same  combustible,  might  determine  the  decomposition  of  the 
Bulfihuret  oj  cofifier  by  this  metal,  at  least  in  certain  cases.  The 
following  experiments,  however,  did  not  warrant  me  in  continu¬ 
ing  of  this  opinion. 

First  Exfieriment.^l  made  a  mixture  of  ten  grammes  of 
pyritous  copper,  the  composition  of  which  I  knew,  with  four  gram¬ 
mes  of  iron  filings  :  I  put  this  into  a  crucible,  covered  with  char¬ 
coal  in  powder,  and  heated  it  in  the  forge  for  three  quarters  of  an 
hour.  The  propo  tion  of  the  iron  had  been  calculated  so  accurate¬ 
ly  that  it  was  sufficient  for  taking  up  all  ^the  sulphur  combined 
with  the  copper  in  the  mineral  employed.  I  found  in  the  crucible 
a  perfectly  homogeneous  mass,  weighing  thirteen  grammes,  which 
did  not  contain  the  smallest  globule  of  metallic  copfier^  nor  any  ap¬ 
pearance  of  sefiaration^  between  the  sul/ihuret  of  iron  and  that  of 
co/ifier*. 

Second  Experiment . — Another  trial  was  made  by  employing 
ten  grammes  of  pyritous  copper  and  five  grammes  of  the  same 
roasted  mineral.  This  is  nearly  the  case  with  the  fluxes  in  w  hich 
the  ore  or  the  mattes  arc  not  completely  dcsulphurated  ;  the  pro¬ 
portion  of  the  iron  was  still  sufficient  for  separating  copper,  which 
was  very  abundant  in  the  mixture.  I  kept  up  the  heat  for  three 
quarters  of  an  hour,  and  found,  a^  in  the  preceding  experiment,  a 
homogeneous  mass,  without  any  trace  of  metallic  copper,  nor  of 
pure  sulphiiret  of  copper ;  this  was  a  real  matte  of  copper. 

Third  Experiment. ^Ov\  this  occasion  an  equal  mixture  of 
crude  pyritous  copper,  and  roasted  copper,  dipped  in  olive  oil,  and 
heated  strongly  for  half  an  hour  in  a  crucible,  presented  notliing 
but  a  powder,  w'hicli  had  not  undergone  fusion,  on  account,  without 
doubt,  of  the  superabundance  of  the  iron. 

I  think  these  few  experiments  arc  sufficient  for  proving  that 
the  dc  snip  filtration  of  copper  by  means  of  iron  will  be  always  very 
difficult,  because  there  is  formed  a  triple  combination  between  the 
sulphur,  iron  and  copper,  or  rather  a  combination  between  the  sul^ 
phurets  of  copper  and  of  iron,  which  prevents  the  separation  of 
the  copper. 

Dusulphuration  of  Galena. — This  is  one  of  the  sulphurets 
which  best  yields  to  the  decomposition  in  question ;  the  fusibility 
«f  the  lead  which  facilitates  its  aggregation,  as  well  as  the  little  affi- 

•  In  the  decomposition  of  galena  by  iron,  we  observe,  when  the  latter  is  in 
too  small  quantity,  three  distinct  Hubbtances  of  lead,  sulphurct  of  lead,  and 
lastly,  sidplmrc!  of  iron  in  the  upper  part. 
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nity  it  has  for  sulphur,  are  the  causes  of  the  successful  trials  that 
have  been  made  on  this  subject.  Lime  and  iron,  are  employed  in  va¬ 
rious  circumstances  in  the  desulphuration  of  galena ;  the  use  of 
lime  is  not  very  general,  and  it  is  impossible  to  judge  of  its  effects 
from  what  Is  known  of  the  properties  of  the  suiphuret  of  lime. 
The  treatment  of  galena  by  iron  is  more  in  use,  and  appears  more 
advantageous. 

The  above  memoir  will,  1  hope,  suggest  several  experiments 
to  those  who  are  engaged  in  metallurgical  pursuits. 

All  the  experiments  I  have  detailed  were  performed  in  the  la¬ 
boratory  belongiiig  to  the  Council  of  the  Mines,  and  under  the  eyes 
of  M.  Dccostils,  by  whose  superior  judgment  I  profited  considera¬ 
bly  during  the  progress  of  my  labours. 


•VoCet  to  aid  in  the  analysis  of  mineral  waters  :  by  the  Editor. 


Substances  held  in  solution, ' 
A  general  idea  of  the  1 
quantity  of  dissolved  > 
salts.  J 

Uncombined  acid  in  ? 

general.  5 

.  • .  .  .1 

Sulphuric  acid  in  parti-  > 

cular.  \  . 

I  ^ 

Uncombined  Alkali.  ^ 
Ammonia  in  particu-  ?  § 


Reagents  or  Tests. 

A  solution  of  soap  in  Alcohol. 

Paper  dyed  blue  with  Litmus 
slightly  alkalized. 

Water  (hydrat)of  Barytes  or 
Strontian ;  or  by  the  mu  rials  of 
these  earths. 

Blue  Litmus  paper  slightly  red¬ 
dened  by  a  weak  acid. 

Nitrat  of  Mercury. 


Sulphuric  acid  m  sul-  ?  ^  Muriat  of  Barytes  or  Strontian. 


phats. 


Nitric  acid  in  nitrats.  1  -f 


Muriatic  acid  in  muri-  > 

«  *  y 


VoL.  III. 


The  deflagi'ation  of  the  nitrats : 
or  by  the  smell  on  decomposing 
them  with  sulphuric  acid. 

By  decompiosing  them  by  means 
of  sulphuric  acid  ana  attending  to 
the  odour  ;  by  nitrat  of  silver  ;  i>y 
sulphat  of  silver  where  there  are 
sulphats  also  in  the  solution  ;  by 
iiitrat  of  mercury  ;  also,  almost  all 
the  sails  can  be  sepai  ated  from  the 
sulphats  by  boiling  in  strong  alco- 
hob  which  will  nrl  dissolve  the 
sulphats.  See  2  Hen.  ch.  206. 
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Carbonic  acid. 


Alkaline  carbonats. 


feilex  or  Silica. 


Alumina. 


Magnesia  and  Lime  in 
a  muriatic  solution.. 


Lime,  magnesia  and  j 
alumina  in  a  ^muriatic  r> 
solution.  J  P 


Lime  (Calcia.) 


Baryta. 

Strontia. 


Sulphurct  of  lime  or 
alkali. 


Iron  generally. 


Iron  in  carbonic  acid. 


I  Lime  water:  acetat  of  lead, 
j-  Litmus  paper :  muriat  of  lime : 

J  nitrat  of  lime. 

r  The  residuum  rough  to  the 
I  touch,  after  solution  in  acids ;  The 
s  solubility  of  that  residuum  in  pure 
(  potash. 

r  Carbonat  of  Ammonia,  the  pre- 
I  cipitate  insoluble  in  acetic  acid : 

succinat  of  ammonia,  which  does 
J^not  throw  down  magnesia. 

^  Arc  separated  by  the  gradual 
and  cautious  addition  of  concentra- 
J  ted  sulphuric  acid  by  small  drops  : 
the  sulphat  of  lime  gradually  falls 
down  :  or  by  the  next  process. 

^  Arc  separated  from  a  muriatic 
solution  thus.  Throw  down  the 
lime  by  cautiously  adding  oxalat  of 
ammonia:  throw  down  the  alu- 
mine  by  the  cautious  addition  of 
carbonat  of  ammonia  not  in  ex¬ 
cess  ;  or  of  succinat  of  ammonia  : 
throw  down  the  mag^iCsia  by  ad¬ 
ding  to  the  warm  solution,  a  warm 
solution  of  carbonat  of  potash :  or 
by  adding  phosphat  of  soda,  to  the 
solution  containing  carb.  of  ammo¬ 
nia.  See  2  Hen.  332.  for  the  com¬ 
ponent  parts  of  ammoniaco  phos¬ 
phat  of  magnesia. 

^Oxalic  acid :  oxalat  of  amm  :  oxal. 
potass :  sulphuric  acid :  but  int  his 
J  last  case  500  grains  of  water  will 
]  hold  in  solution  at  least  one  gmin 
I  of  gypsum. 

^  c  1  1  •  •  1 1  distinguished 

1  Sulphuric  acid  f  ,  ®  ,  n 

1  *  >  by  the  red  flame 

-j  same  J  J  Strontia. 

y  Acetat  or  nitrat  of  lead,  thrown 

I  down  a  dirty  blackish  brown  :  the 

J  lime  is  thrown  down  by  oxalic 

I  acid,  and  the  sulphur  swims. 

>  Tincture  of  galls :  infusion  of 

galls  or  oak  bark  :  prussiat  of  lime  ; 

J  triple  prussiat  of  potash.  Succinat 

I  of  Amm. 

r  The  subsidence  of  ochre  on  e.x- 
I  posure  to  the  air  for  a  day  or  two  : 
•S  boiling  the  solution :  by  hydrat  ol 
l^limc. 


same 


. ,  I  distil 
byth 
J  of  St 
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Iron  in  sulph.  acid. 
Copper. 


Lead  or  arsenic. 


Arsenic  particularly. 


The  quantity  of  saline 
matter  generally. 

Sulphilric  salts  gene¬ 
rally. 

The  gasses  generally. 


Sulphuretted  hydro-  ' 
gen  gas. 

Carbonic  acid  gas. 

Efflorescent  salts  as 
those  with  basis  of  soda,  c 
Deliquescent  saltS)  ofi 
the  muriats.  f 

Nitrats.  n 


Jllydrat  of  Bar)  tes,  to  detect  tlie 
acid. 

{Digesting  in  carbonat  of  ammo¬ 
nia,  or  pure  ammonia :  arseniat  of 
^potass  making  Schule’s  green, 
r  Ilydrosulphuret  of  amm.  suU 
i  phuret  of  lime  or  potass,  (a  brown 
I  black  precipitate.) 

The  garlic,  white,  f\imes  on 
burning  it:  the  whitening  of  two 
<  pieces  of  brass  or  copper,  the 
arsenic  being  fastened  between 
[_.thcm. 

Gentle  evaporation  in  a  glass  or 
«  china  basin  :  evaporate  if  possible 
not  less  than  a  pint. 

\  Their  insolubility  in  strong  boil- 
^  ing  alcohol. 

C  Evaporate  in  a  glass  retort  with 
^  a  pneumatic  apparatus. 

{The  odour:  the  deposition  of 
sulphur  on  throwing  up  an  acid 
gas  :  the  water  containing  it,  black¬ 
ens  silver  and  lead  and  their  solu¬ 
tions. 

f  Hydrat  of  lime,  baryta  or  stron- 
1  tia  :  acet.  of  lead, 
r  Their  crystals  efflorescing  o!i 
j  exposure  to  air. 

{Their  crystals  deliquescing  on 
exposure  to  air. 

I  Their  deflagration. 


Com/ianent  /larfa  of  many  sailsy  to  aid  in  the  analysis  of  mine^ 

ral  •xaters. 

Common  Sulfihat  of  Lime^  contains  21^  or  22  per.  cent  of  w'ater, 
that  may  be  driven  off  by  a  continued  full  red  heat.  When  the 
quantities  are  small,  an  hour’s  exposure  to  this  heat  is  sufficient. 
Thus  deprived  of  its  water,  it  contains  42,5  lime,  and  57,5  acid,  on 
the  pverage  of  the  experiments  of  Thompson  and  Berthicr. 

One  hundred  grains  of  pure  lime,  wdll  yield  when  saturated  with 
sulphuric  acid,  236  gmins  of  anhydrous  sulphat  of  lime:  that  is 
deprived  of  its  water  of  crystallization  by  an  hour’s  red  heat.  One 
hundred  grains  of  carbonat  of  lime  produce  130  grains  of  aiihy- 
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drous  sulpbat  lime.  Pure  carbonat  of  lime  containing  pet 
cent,  of  carbonic  acid,  180  grains  of  it  will  yield  236  grains  of  an* 
hydrous  sulphat. 

One  hundred  parts  of  carbonat  of  lime,  yield  154  pafts  of  sul¬ 
phat  of  lime,  compact,  not  crystallized,  and  in  the  state  in  which 
gypsum  or  plaister  stone  is  commonly  found. 

One  hundred  parts  of  carbonat  of  lime  yield  160  parts  of  well 
crystallized  sulphat,  per  Klaproth. 

Common  hydrous  (unboiled)  gj^psum  contains  33,15  lime 
44,85  acid,  22  water. 

Sulphat  of  potass  contains  46,62  acid,  51,38  alkali. 

soda  -  .  23,52  acid,  18,48  alkali,  58  water., 

ammonia  55  acid,  14  ammonia,  3  \  water, 

magnesia  33,05  acid,  16,05  magn.  50w'atcr. 

alumina  30, S2  acid,  |  }  48,58  wt. 

baryta  33  acid,  67  baryta, 

lead  26,5  acid,  69  lead,  5  oxygen.. 

Muriat  of  potass  66,66  acid,  33,34  alkali, 

soda  46  acid,  54  alkali, 

ammonia  61,65  acid,  38,35  alkali, 

lime  49,23  acid,  50,77  lime, 

baryta  22,93  acid,  62,47  baryta,  1 4,06  wa'r. 

magnesia  56  acid,  44  magnesia, 

silver  19,05  acid,  80,95  oxyd  of  silver. 

Sec  for  tlie  muriats  (anhydrous)  Dr.  Marcel’s  paper  on  the 
waters  of  the  Dead  Sea.  20  Nich.  Joum.  28. 

Carbonat  of  lime  44^  acid,  55^  earth  water  not  noticed : 

baryta  21,75  acid,  78,25  earth  V  included  in  the 
magnesia  34  acid,  66  earth  j  acid  nearly. 

itrat  of  potash  48,62  acid,  51,38  alkali, 
soda  58,6  acid,  41,4  alkali :  anhydrous :  average  of  experiments. 

.  C74.5  acid,  19,8  alkali,  5,7  water :  compact  nit  rat. 

ammonia  ■^59^5  acid,  18,4  alkali,  12,1  water  :  prismatic  nitrat. 

lime  57,44  acid,  32,  earth,  10,56  water :  (Kirwan). 

baryta  40,7  acid  &  water,  59,3  earth.  (Thompson  ) 
amm.  &  mag.  78,  nitrat  magnesia,  22,  nitrat  of  ammonia  (Fourcroy.) 
9xalat  lime  common  59,2  acid,  35,05  cu^h^HH^piter,  (Thompson.) 

anhydrous  62..5  acid,  37,5  21  Nidi.  Jour.  328.) 

Experimenters  on  the  composition  of  neutral  salts,  do  not  al¬ 
ways  attend  with  necessary  accuracy,  to  the  amount  of  water  in 
the  composition,  but  the  preceding  table  is  drawn  up  on  th« 
bt!8t  modern  authorities.  T.  C. 
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NOTICES. 

Some  time  ago  was  announced  the  discovery  of  a  whole  mam' 
moth  in  a  frozen  state  on  the  northern  coast  of  Russia,  which  has 
been  brought  to  Petersburgh.  The  bones  of  an  unknown  animal 
were  lately  found  in  a  peat  moss  in  Russia.  The  creature  must 
have  been  about  12  feet  long  :  the  horns  were  2J  feet  long,  and 
foot  round  at  the  root.  From  the  appearance  of  this  imperfect 
skeleton  it  seems  to  have  belonged  to  the  URUS  or  AUROCHS 
mentioned  by  Caesar  in  his  account  of  Germany.  Anal.  Rev. 
June  1814. 

Variation  of  the  Com/iasa.-^A  correspondent  remarks  that  the 
needle  which  in  this  latitude  pointed  truly  to  the  North  in  1657 
and  has  been  inclining  to  the  Westward  ever  since,  at  the  average 
rate  of  ten  minutes  per  annum  has  reached  the  utmost  extent  of 
its  variation ;  has  been  stationary,  and  is  now  receding.  If  this  be 
correct  it  seems  that  about  25  degrees  is  the  extent  of  its  varia¬ 
tion  Westward:  that  it  will  in  about  15^  years,  again  point  truly 
to  the  North  ;  and  probably  for  the  next  1 50  years  will  incline 
to  the  East,  taking  up  a  period  of  500  years  in  making  a 
revolution.  Ibid* 

jf  Steam  Engine  has  been  erected  at  Bristol  (England)  of 
which  the  principle  is  said  to  be  a  hollow  wheel,  whose  interior 
is  half  filled  with  a  fluid  metal.  The  steam  is  supplied  by  a  com% 
mon  boiler  and  makes  no  noise  whatever,  saving  half  the  coals,  &c. 

Mr.  Bakewell  who  lectures  at  the  Surry  Street  Institution, 
proposes  the  application  of  gunpowder  as  an  impelling  force  in 
lieu  of  steam.  A  single  dram  of  gunpowder  properly  applied, 
will  rend  a  piece  of  metal  equal  in  thickness  to  a  large  piece  of 
ordnance.  Tne  motion  might  be  communicated  by  a  balance 
wheel  and  crank.  Jb. 

Mr.  Accum  has  published  a  method  of  making  IoDE,the  sub¬ 
stance  which  at  the  heat  of  158  of  (the  Centigrade  ?)  thermometer 
is  converted  into  a  violet  coloured  gas.  It  was  first  discovered  by 
M.  Courtois,  and  obtained  from  Kelp.  It  is  not  acted  on  by  oxy¬ 
gen,  or  charcoal ;  it  combines  with  the  metals  and  their  oxyds, 
forming  soluble  compounds.  It  combines  also  with  hydmgen 
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and  phosphorus.  With j^monia  it  forms  a  detonating  compound. 
When  it  comes  in  contact  with  oxymuriatof  sulphur  it  assumesa 
violet  colour  of  great  intensity  and  beauty.  It  may  be  made  thui 
in  a  small  way.  Take  the  crystallizable  residuum  of  a  solution  of 
Kelp,  or  of  Spanish  Barilla,  after  all  the  saline  matter  capable  of 
crystallization  is  separated.  Put  a  dram  of  this  previously  fused 
for  a  few  minutes  to  free  it  from  moisture,  and  reduced  to  a  coarse 
powder,  into  a  thin  glass  tube  10  or  12  inches  long  and  three- 
cighths  of  an  inch  in  the  bore  :  add  to  it  without  soiling  the  inside 
of  the  tube,  about  half  its  weight  of  oil  of  vitriol :  this  may  be 
done  by  sucking  the  acid  up  with  the  mouth  in  a  small  long  glass 
tube  drawn  out  to  a  capHlary  point,  applying  the  finger  to  the  up¬ 
per  orifice,  and  thus  by  means  of  it,  transferring  the  acid  iiito  the 
larger  tube.  Shake  the  whole  together  and  apply  a  gentle  heat 
])y  a  lamp  or  taper.  A  dense  vapour  will  make  its  appearance, 
and  a  black  glistening  powder  (lode)  will  be  sublimed  in  the 
colder  part  of  the  tube.  Cut  ofl’  by  means  of  a  file,  the  part  of 
the  tube  which  contahis  the  lode,  and  seal  the  extremities  of  it 
by  means  of  a  blow-pipe  or  a  spirit  lamp. 

l'h,e  preparation  of  lode  on  a  larger  scale.  Place  a  long,  slen¬ 
der  necked,  tubulated  retort  in  a  sand  bath  :  surround  the  wdiole 
body  of  the  retort  up  to  the  tubulure  with  sand,  and  adapt  without 
luting  to  the  beak  of  it,  a  wide  mouthed  vial  or  receiver.  Intro¬ 
duce  through  the  tubulure,  first  one  part  of  oil  of  vitriol,  and  then 
two  parts  of  the  fused  saline  mass  before  mentioned,  broken  into 
small  pieces  of  the  size  of  pease,  and  distil  for  a  few  minutes  with 
a  gentle  heat.  The  lode  will  become  sublimed  into  the  neck  of 
ll\e  retort  in  a  crystalline  form,  exhibiting  a  black  shining  crust. 
Cut  off  the  neck  of  the  retort  with  a  file,  and  collect  the  lode  by 
jiicans  of  a  feather  or  camePs-hair  brush. 

If  the  w1k>Ic  of  the  saline  mass  of  kelp  or  barilla,  freed  from 
(•arlx)nat  of  soda  only,  and  which  of  course  contains  muriat  of  soda, 
muriat  of  potass,  suiphat  of  potass,  hydrosulphuret  of  potass,  &c. 
be  treated  with  sulphuric  acid,  the  preparation  of  the  lode,  be¬ 
comes  more  difficult. 

Mr.  Mannoury  Dcctol  has  indented  a  new  hydraulic  machine, 
a  report  concern’mg  which  has  been  presented  to  the  Frencli  In¬ 
stitute.  .  The  principle  of  this  machine  is  to  communicate  the 
whole  of  the  momentum  of  a  body  of  water  entering  a  vessel,  after 
falling  from  a  hcigld,  to  a  solid  body  within  that  vessel,  except 
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so  much  as  maybe  necessary  to  carry  It  cfT  tliroii^h  a  hole  In  llie 
bottom.  This  object  is  effected  by  making  the  water  enter  hori¬ 
zontally  into  a  cylindrical  trough  containing  a  solid  cylinder  with 
a  space  of  I  1-2  inches  between  them,  near  its  top,  and  in  the  di¬ 
rection  of  a  tangent  to  the  cavity.  The  water,  in  passing  through 
the  annular  space  between  the  cylinders,  and  thence  through  a  hble 
in  the  bottom,  communicates  a  motion  to  the  machine,  which,  by 
experiment,  has  been  found  from  7-lOths  to  75-lOOths  of  the  whole 
calculated  force  of  the  falling  water,  a  greater  effect  than  any  other 
machine  has  ever  produced. 

Sir  II.  C.  Englefield,  Bart.  F.  R.  S.  has  invented  a  new  transit 
instrument  in  which  the  telescope  is  placed  with  its  axis  perpen¬ 
dicular  to  the  plane  of  the  meredian,  and  the  object  seen  by  reflec¬ 
tion  in  a  min*or  placed  at  an  angle  of  45  degrees  immediately  in 
front  of  the  object  glass.  Vv'hen  the  telescope  is  properly  placed, 
any  part  of  the  ^v  hole  semicircle  of  the  mercdiaii  may  be  seen  by 
merely  turning  it  on  its  axis.  The  same  gentlcinan  has  also  given 
a  new  mode  of  placing  the  transit  instiument  correctly. 

The  following  results  have  been  given  to  the  world  by  Juseph 
Read,  M.  D.  of  Cork,  as  deductions  from  several  experiments 
made  by  him  on  the  solar  ray  : 

1st.  That  incident  light  has  never  yet  been  decomposed;  and 
that  Sir  Isaac  New  ton,  and  other  philosophers,  only  decomposed 
light  reflected  from  opaque  substances,  or  liinges  ot  blue,  red, 
and  yellow. 

2d.  That  there  are  only  three  primary  colours,  blue,  red  and 
yellow  by  the  mixture  of  which,  either  by  the  prism  or  painter,  all 
ihc  others  are  formed. 

3d.  That  llcrschel,  Leslie,  Davy,  Englefield,  and  other  philo¬ 
sophers,  drew  their  conclusions  relative  to  the  heating  power  of 
the  prismatic  colours  from  erroneous  data,  viz.  from  experiments 
on  reflected  light,  whose  heat  must,  in  a  great  measure,  depend  on 
the  reflecting  media,  and,  also,  on  the  thickness  aud^tiiiimess  of 
those  paKs  of  the  prism  through  w  hich  tlie  fringes  pass. 

^Ve  give  his  deductions  in  his  own  words,  and  must  confess  that 
his  experiments  and  reasoning  funush  an  apparently  plausible  ob¬ 
jection  to  the  New  tonian  theory  of  the  separation  of  w  hite  light  into 
ra.ys  of  different  colours.  Ilis  second  deduction  is  by  no  means 
new.  Dr.  Woollastpn  had  already  proved  clearly  that  there  were 
only  three,  or,  at  most,  four  colours  in  the  spectrum  ;  and  Dr.  Read 
appears  to  have  forgotten,  or  not  to  have  know  n,  his  expoi  imems 
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and  those  of  Hcrschers,  which  slwwcd  that  the  solar  beam  was  di¬ 
vided  by  the  prism  (accordinj^  to  Newtonian  language)  into  two 
other  substances  beside  the  coloured  rays,  one  of  which  was  found 
between  the  red  ray  and  the  direction  of  the  incident  rays,  and  was 
the  matter  of  heat  or  caloric.  The  other,  a  hitherto  unknown  sub¬ 
stance,  w  hich  blackened  the  salts  of  silver,  and  appeared  to  be  that 
part  of  the  solar  ray  which  causes  the  colours  of  vegetables,  8cc. 
which  we  know  would,  if  not  exposed  to  it,  become  white  and  co¬ 
lourless.  These  experiments  establish  the  certainty  of  the  Newto¬ 
nian  theory  on  a  ground  not  to  be  shaken.  Besides,  had  Dr.  Read 
reasoned  correctly  on  his  experiments,  he  would  have  feund  that 
the  circumstance  of  the  light  remaining  w'hite  in  the  centre  of  tiic 
spectrum,  when  admitted  in  large  quantities  upon  the  prism,  arose 
from  the  same  cause  that  misled  Newton,  viz.  as  to  the  number  of 
the  prismatic  colours,  the  aperture  being  larger  than  was  neces¬ 
sary  to  obtain  the  coloured  rays  entirely  separate,  and  in  Dr.  Wool- 
laston’s  experiment  the  aperture  was  an  oblong  of  the  smallest 
breadth  that  could  admit  the  light  free  from  inflection.  In  Sir  Isaac 
Newton’s  experiment  the  aperture,  a  quarter  of  an  inch,  was  suffi¬ 
cient  to  blend  the  colours  so  as  to  produce  the  intermediate  shades, 
and  in  Dr.  Read’s  the  aperture,  of  four  inches,  threw  the  separated 
rays  in  confusion  on  the  middle  part  of  the  spectrum  so  as  to  re¬ 
produce  white  light. 

This  is  not  the  first  time  that  Sir  Isaac  Newton’s  doctrines 
have  been  attacked  in  this  point.  The  celebrated  Euler,  and  many 
others,  have  opposed  the  existence  of  light  as  a  substance  altoge¬ 
ther,  and  have  supposed  its  appeai*ance  lo  arise  from  the  vibrations 
of  an  clastic  medium.  Newton’s  optics,  however,  stand  on  a  basis 
of  mathematical  demonstration,  and  their  merits  will  not  fall  should 
even  his  deductions  fi  om  his  prismatic  experiments  be  proved  to 

be  founded  on  false  reasoning.  R. 

•  * 

Dr.  Read  some  years  ago,  advanced  the  production  of  caloric 
by  the  agitation  of  water  in  a  close  tube  ;  which  has  not  been  con¬ 
firmed.  T.  C. 

DistUling, — The  method  of  distilling  by  steam  introduced  into 
the  w'ash,  is  doubtless  the  best  yet  found  out.  Count  Rumford 
first  shewed  how  several  vessels  of  water  might  be  boiled  by  the 
steam  conveyed  from  one  boiler  commoh  to  all  of  them.  He  is 
the  inventor  of  the  process.  Whether  steam  be  applied  to  boil 
water,  to  boil  tiic  liquor  in  a  dyer’s  copper,  or  the  wash  in  a  dis- 


JVotlces. 


499 


ullcr’s  hogshead,  the  principle  is  the  same.  This  is  the  reason 
why  I  did  not  think  myself  entitled  to  a  patent  for  being  the  first  in 
this  country  who  distilled  by  steam.  In  the  fall  of  1 809  I  adapted 
a  lid  to  a  boiler  in  Dr.  Priestley’s  laboratory,  and  soldered  it  on. 
A  safety  valve  was  made  of  an  inch  tube  of  copper  soldered  in  tlie 
lid.  The  liquor  was  supplied  by  a  small  wooden  cistern  above, 
with  a  pipe  going  near  to  the  bottom  of  the  boiler.  A  tube  from 
the  boiler  at  right  angles,  conveyed  the  steam  into  the  vessel  con¬ 
taining  the  wash  or  beer :  the  tube  reached  to  within  four  inches 
of  the  bottom  of  this  vessel.  It  had  a  cock  adapted  in  it  so  that 
the  steam  could  be  stopped  off  at  pleasure.  M.  Schmid,  who  af¬ 
terwards  conducted  Mr.  Jos.  Priestley’s  distillery,  assisted  me. 
John  Hall,  Esq.  the  late  marshal  of  Pliiladelphia,  himself  well 
conversant  in  the  business,  and  Enoch  Smith,  Esq.  of  Sunbury, 
dining  with  me  one  day  while  this  experiment  was  going  on,  I 
shewed  them  the  process  itself,  as  they  will  testify.  I  find  a  pa¬ 
tent  has  been  taken  out  for  this  method  by  some  one  who  has 
just  as  much  title  to  the  invention  as  any  reader  of  this  arti¬ 
cle.  The  right  of  taking  out  patents  is  abused  so  egregiously, 
that  it  has  become  a  perfect  nuisance.  T.  C. 

Whiakey,  In  Lancaster  county,  Pennsylvania,  durmg  a  year 
ending  with  April  1814,  six  hundred  and  eleven  stills,  manufac¬ 
tured  3,295,500  gallons  of  whiskey. 

Iron  Works.  At  Coniwall  furaace  Mr.  Coleman  made  3351 
tons  of  pigs  and  castings  from  May  3,  1799,  to  March  21, 1801. 

The  same  gentleman,  at  CoUbrook  furnace,  from  May  8, 1799, 
to  August  8,  1800,  made  2033  tons  of  pigs  and  castings. 

.  From  September  10,  1800,  to  October  1,  1801,  at  the  same 
furnace,  1594  tons. 

From  October  14,  1801,  to  February  14,  1803,  at  the  same 
furnace  he  made  3350  top.s. 

Roofs  of  Houses.  The  danger  incurred  lately  by  the  cities 
of  Baltimore  and  Piiiladclphia  from  the  near  approach  of  the  ene¬ 
my,  suggests  the  propriety,  or  rather  the  absolute  necessity  of  ex¬ 
changing  the  shingle  roofs  for  some  material  of  a  less  combusti¬ 
ble  description.  In  England  houses  are  covered  with  plain  tiles, 
or  with  pan  tiles,  or  w’ith  blue  slate,  or  with  copper,  or  with  lead. 
Zinc  and  tinned  iron  have  also  been  proposed.  I  have  also  seen  a 
kind  of  plain  tile  made  of  thick  pasteboard  as  incombustible  as 
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copper,  and  when  painted  and  sanded  not  likely  to  be  affected  by 
moisture.  In  many  foreign  countries  the  roofs  are  of  plaister. 
There  are  two  objections  to  metal  roofs  in  this  country,  the  high 
price  and  the  great  heat  in  summer.  They  are  much  the  lightest 
and  most  durable  kind  of  roof.  I  am  at  present  of  opinion  that 
the  paper  or  pasteboard  roofs  are  the  most  eligible.  They  might 
be  painted  with  tar  and  sprinkled  with  sifted  sand,  washed  ashes, 
or  lime.  The  pasteboard  is  well  sized  with  glue.  They  might 
be  tanned  soon  after  being  made,  by  infusing  in  a  solution  of  oak 
bark  if  necessary,  but  this  would  not  be.  T.  C. 

«  f 

Provisions,  The  cxpence  of  provisioning  troops,  the  frequent 
scarcity  of  provisions  on  a  march,  the  neglect  and  frauds  of  con¬ 
tractors,  the  discontents  of  ill  fed  troops,  and  the  delays  thus  occa¬ 
sioned,  render  it  of  great  importance  to  find  some  kind  of  nutri¬ 
tious  food  easily  transported,  and  not  easily  spoiled.  I  recom¬ 
mended  lately  in  the  Emporium,  vol.  2.  p.  462,  463,  Indian  corn 
parched  and  ground,  with  bacon  or  pork  and  portable  soup  well 
seasonecL  I  am  glad  to  find  by  the  papers  of  this  week  before 
me,  that  Mr.  B.  Hawkins,  Indian  agent  for  the  United  States,  has 
publicly  come  forward  to  propose  parched  and  ground  Indian  corn. 
The  com  parboiled,  then  gradually  baked  until  it  assume  a  fine 
light  brown  colour  and  ground,  is  eaten  with  a  small  quantity  of 
sugar.  In  a  national  point  of  view,  this  is  a  subject  of  very  great 
moment,  but  Mr.  Hawkins  and  I,  shall  preach  in  vain.  T.  C. 

WITH  the  present  number,  the  present  series  of  the  Empo¬ 
rium  closes,  for  reasons  that  my  publishers  will  state  in  the  enve¬ 
lope  to  this  number ;  which  would  have  been  out  in  due  time,  had  it 
not  been  that  the  printers  were  serving  their  country  as  volunteers. 

My  collections  on  bleaching,  dying,  calico  printing,  distilling, 
tanning,  pottery,  enamelling,  glass  making,  colour  making,  drug 
making.  Sec.  will  occupy  full  two  volumes.  I  shall  consider  in 
what  way  they  can  be  best  brought  before  the  public,  because  I 
think  it  will  be  doing  service  to  the  manufacturing  interest,  and 
to  myself  to  publish  them.  T.  C. 

END  OF  VOL.  Ill— NEW  SERIES. 
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